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FOREWORD 


This  memorandum  was  prepared  under  the  sponsor  ship 
of  the  Deputy  Chief  of  Staff  for  Logistics,  Department  of  the 
Army.  This  study,  dealing  with  the  Ml  51  Vi- ton  truck,  was 
preceded  by  a  study  of  the  M38-series  vehicle  several  years 
ago*  and  a  number  of  studies  dealing  with  other  classes  of 
equipment.  The  purpose  of  all  these  studies  was  to  assist 
the  Army  in  the  management  of  its  fleets,  and  they  have 
directly  and  indiiectly  had  marked  influence  on  equipment 
policies. 


L.  S.  Stoneback 

Head,  Logistics  Department 


*Operatior.3  Research  Office,  “Operation  Maintenance,  and  Cost  Experience  of  '/4 
V4-Ton  Truck  Fleet  (U),”  ORO-T-382,  May  61.  CONFIDENTIAL 
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Problem 

To  determine  the  lifetime  of  the  Ml 51  ‘/|-ton  truck. 


Facts 


The  Ml 51  is  the  most  recent  and  most  preferred  model  of  ‘/,-ton  truck; 
it  is  a  lightweight  personnel  and  cargo  carrier  designed  to  accomplish  basic 
transport  on  roads  and  cross-country.  M151’s  were  first  introduced  to  field 
use  in  large  numbers  in  late  1961. 

Current  active  Army  utilization  of  the  '/,-ton  truck  fleet  amounts  to  ap¬ 
proximately  200  million  miles  annually. 

The  predecessor  models,  i.e.,  the  M38  series,  were  the  subject  of  an 
earlier  ORO(RAC)  investigation.1  In  that  study  it  was  determined  that  they 
have  an  average  “least-cost”  lifetime  of  5  years.  From  this  study  the  Army 
adopted  an  average  “useful  life  expectancy”  for  ‘/,-ton  trucks  of  6  years.2 

The  Deputy  Chiel  of  Staff  fur  Logistics  (DCSLOG)  requested  RAC  to  in¬ 
vestigate  the  performance  of  the  M151  to  determine  its  lifetime. 


Discussion 

General  experience,  confirmed  by  past  RAC  studies,1-  3-5  indicates  that 
as  vehicles  age  they  perform  less  well  and  consume  more  resources.  The 
study  reported  on  in  this  memorandum  was  directed  at  determining  how  per¬ 
formance  and  resource  consumption  change  as  the  Ml  51  ‘/,-ton  truck  ages.  On 
the  basis  of  this  analysis  an  optimum  age  for  replacement  is  recommended. 

The  data  base  of  the  study  was  the  operational  and  maintenance  history 
of  772  M151’s  observed  in  Europe  from  their  times  of  issue  as  new  vehicles 
to  an  average  accumulation  of  13,600  miles  over  an  average  period  of  18 
months.  A  few  vehicles  were  seen  at  ages  beyond  25,000  miles  and  24  months. 
Maintenance  histories  for  each  vehicle  were  compiled  from  Army  maintenance 
records.  These  histories  identified  maintenance  actions  by  date  and  vehicle 
mileage  and  also  showed  the  nature  of  the  maintenance  action,  man-hour  con¬ 
sumption,  parts  ana  components  involved,  and  echelon  atwhich  the  maintenance 
was  performed. 
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SUMMARY 


Performance  and  its  variation  with  vehicle  age  were  examined  in  terms 
of  vehicle-breakdown  rate,  mean  miles  per  breakdown,  availability,  and  reli¬ 
ability.  Two  measures  of  vehicle-breakdown  rate  were  used.  One  was  the 
rate  of  replacement  of  21  selected  parts;  failure  of  any  of  these  parts  was 
assumed  to  result  in  a  significantly  impaired  vehicle.  The  other  rate  repre¬ 
sented  replacement  of  the  10  most  important  parts  from  the  list  of  21;  failure 
of  any  of  these  10  parts  was  assumed  to  result  in  actual  vehicle  disability. 
These  two  breakdown  rates  represented  upper  and  lower  bounds  within  which 
to  analyze  M151  breakdown  propensity.  The  breakdown  rates  were  derived 
from  individually  computed  age-dependent  replacement  rates  for  each  of  the 
21  significant  parts.  Availability  and  reliability  were  then  computed  on  the 
basis  of  each  of  the  two  breakdown  rates;  mean  miles  per  breakdown  and  a 
measure  of  performance  called  the  “mission-success  index”  (the  product  of 
availability  and  reliability)  were  also  computed  on  both  oases. 

Maintenance  costs  as  a  function  of  M151  age  were  derived,  including 
costs  of  parts;  the  procurement,  storage,  and  distribution  of  parts  .referred 
to  as  stock,  store,  and  issue  (SSI)J;  and  maintenance  labor. 

The  trends  of  M151  perfoimance  and  maintenance  costs  with  age  found 
in  the  data  were  used  to  project  performance  and  costs  beyond  the  data  into 
ages  presumed  to  include  Ml 51  lifetimes.  The  lifetime  finally  derived  is 
based  on  these  projections. 

The  lifetime  derived  is  that  vehicle  age  at  which  replacement  by  a  new 
vehicle  with  the  same  initial  cost,  age-dependent  unscheduled  maintenance 
cost,  and  age-dependent  breakdown  rate  as  the  old  vehicle,  in  a  support  en¬ 
vironment  with  the  same  average  response  characteristics  as  that  experienced 
by  the  old  vehicle,  will  minimize  the  long-run  average  cost  per  unit  of  effec¬ 
tiveness  rendered.  Effectiveness  is  measured  in  terms  of  availability,  reli¬ 
ability, and  nonobsolescence.  An  obsolescence  rate  of  2  percent/year  was  used. 

To  facilitate  conversion  of  the  lifetime  to  an  annual  vehicle  replacement 
requirement  considering  that  some  vehicles  are  lost  before  their  lifetimes  ex¬ 
pire,  a  graph  was  prepared  from  which,  for  any  combination  of  a  lifetime 
between  4  and  14  years  and  a  premature  loss  rate  between  0  and  20  percent/ 
year,  an  annual  procurement  quantity  as  a  percentage  of  the  fleet  size  may  be 
read. 

Engines  and  transmissions  were  treated  in  special  detail  because  of  their 
importance  as  assemblies,  and  to  demonstrate  the  idea  of  equilibrium  per¬ 
formance,  which  was  employed  in  making  the  projections  of  vehicle  perform¬ 
ance  and  costs. 

The  response  of  the  support  system  to  Ml 51  demands  for  maintenance 
was  characterized  in  terms  of  the  average  man-hour  consumption  and  the 
average  response  time  per  maintenance  response.  The  average  costs  of  parts, 
labor,  and  SSI  consumed  per  maintenance  response  were  also  computed. 
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SUMMARY 


Conclusions 

1.  The  lifetime  of  the  M151  is  50,000  miles  or  l'/2  years  at  the  current 
Army-wide  use  rate  of  550  miles/month.  The  calendar  lifetimes  eor respond¬ 
ing  to  50,000  miles  at  other  rates  of  use  are  shown  in  the  accompanying  tabu¬ 
lation. 


Use  rate,  miles  per  month 

l  ifetime,  years 

300 

14 

750 

ft  1/ 

0  /n 

1000 

l 

2.  To  maintain  a  constant  fleet  size  with  equal  annual  procurements 
when  the  lifetime  >s  7l/2  years  and  the  accidental  loss  rate  is  1.3  percent/ 
month7  (15.6  percent/year),  the  annual  procurement  required  is  22  percent  of 
the  fleet  size. 

3.  Unless  significant  reduction  in  costs  of  overhaul  and  increase  in 
quality  of  product  relative  to  M38-series  overhaul  can  be  brought  about,  over¬ 
hauled  M151’s  will  cost  more  and  perform  less  well  than  new  M151’s  in  the 
long  run. 

4.  M151  breakdown  rate  and  unscheduled  maintenance  costs  double  by 
20,000  miles  and  quadruple  by  50,000  miles. 

5.  The  cost  of  unscheduled  maintenance  per  100  miles  for  the  M151  in¬ 
creases  with  vehicle  age  (see  the  accompanying  tabulation). 


Age,  miles 

Cost,  dollars 

New 

2.00 

10,000 

3.20 

25,000 

5.80 

40,000 

7.00 

60,000 

7.70 

Of  these  costs,  61  percent  represents  SSI,  26  percent  is  for  parts  costed  to 
account  for  the  recoverable  value  of  reparables,  and  the  remaining  13  percent 
is  maintenance  labor. 

6.  For  the  Ml 51  the  average  per-mile  cost  of  acquisition  and  unsched¬ 
uled  maintenance  is  #0.16  for  a  25,000-mile  replacement  cycle,  £0.13  for  a 
40,000-mile  cycle,  and  £0.115  for  a  60,000  mile  cycle. 

7.  Ml 51  nonavailability— the  time  out  of  service  while  the  vehicle  is 
broken  down— does  not  rise  above  5  percent  during  the  first  50,000  miles  of 
life. 

8.  The  average  miles  traveled  per  replacement  of  any  of  10  major  parts 
decreases  as  M151’s  age  (see  the  accompanying  tabulation). 
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SUMMARY 


Age,  miles 

Miles  traveled  per  replacement  action 

New 

16,000 

10,000 

9,000 

25,000 

5,500 

40,000 

4,000 

60,000 

3,500 

9.  As  M151’s  ape  there  is  an  increase  in  the  average  number  of  vehicles 
available  to  start  but  unable  to  complete  a  500-mile  movement  without  needing 
the  replacement  of  at  least  1  of  10  major  parts  (see  the  accompanying  tabula¬ 
tion). 


Age,  miles 

Vehicles  per  100 

New 

4 

10,000 

7 

25,000 

11 

40,000 

14 

60,000 

16 

10.  The  average  response  times  required  by  the  support  system  to  make 
significant  parts  replacements  on  M151’s  were  as  follows: 

a.  2.3  days  for  any  of  21  parts  causing  significant  vehicle  impair¬ 
ment  when  defective 

b.  3.9  days  for  any  of  10  major  parts  causing  vehicle  immobiliza¬ 
tion  when  defective 

c.  6.5  days  tor  major  assemblies  replaced  at  third  echelon 

11.  The  average  cost  of  a  maintenance  response  to  an  unscheduled  Ml 51 
demand  for  support  was  #27.33 . 

12.  Replacement  engines  and  transmissions  give  significantly  less  reli¬ 
able  performance  than  the  original  assemblies  in  early  life. 


Recommendations 

1.  M151’s  should  be  replaced  at  50,000  miles.  When  performance  is 
especially  important  earlier  replacement  should  be  considered. 

2.  The  current  Army  policy  not  to  rebuild  l/4-ton  trucks  should  be  ex¬ 
tended  to  the  M151  fleet. 

3.  The  Army  should  further  investigate  the  performance  of  replacement 
engines  and  transmissions. 

4.  Rates  of  vehicle  use  should  be  monitored  at  theater  or  Army  area 
level  as  measures  of-the  rate  at  which  vehicle  lifetimes  are  being  consumed. 
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GLOSSARY 


adjustment.  Bringing  into  proper  relation. 
age.  Accumulated  time  or  miles  in  service. 
availability.  Probability  that  a  vehicle  is  operable. 

availability  potential.  Probability  that  a  vekielc  will  be  operable  after  it  has  been  ex¬ 
periencing  its  current  breakdown  rate  and  support -system  response  time  for  an 
indefinitely  long  period. 

breakdown.  Transition  from  operability  to  inoperability. 

degraded.  Having  lower  performance  and  higher  maintenance  cost  as  a  function  of 
vehicle  age  than  the  like-original. 

detail  sample.  Portion  of  Ml 51  sample  for  which  all  maintenance  actions  and  all  repair- 
parts  requisitions  made  at  organizational  level  were  included  in  the  study  data;  for 
the  rest  of  the  sample  fewer  organizational  data  were  collected. 
downtime.  Time  between  breakdown  and  return  to  operability. 

equilibrium.  A  stage  of  vehicle  life  characterized  by  constant  vehicle  breakdown  rate 
and  maintenance  costs  even  though  the  vehicle  is  getting  older. 
hard-core  part.  Any  one  of  10  prime  mobility  parts  usually  representing  a  veh'cle  dis¬ 
ability  as  distinguished  from  a  significant  vehicle  impairment. 
lifetime.  The  period  between  issue  and  replacement;  also,  the  duration  of  the  period. 
like  original.  Having  the  same  performance  and  costs  as  a  function  of  vehicle  age  as 
the  part  on  the  vehicle  when  issued  new. 

mission-success  index.  The  product  of  availability  potential  and  reliability;  hence,  the 
probability  that  a  vehicle  having  been  experiencing  its  current  breakdown  rctc  and 
support-system  response  time  for  an  indefinitely  long  time  is  able  both  to  start  a 
mission  of  specified  duration  and  content  and  to  complete  it  with  specified  success. 
performance.  Breakdown  rate,  reliability,  availability,  mission-success  index. 
prime  mobility.  Very  important  to  mobility;  represents  a  significantly  impaired  veh’cle 
when  defective. 

reliability.  Probability  that  a  vehicle  able  to  start  a  mission  of  specified  duration  and 
content  can  complete  it  with  specified  success. 
replacement.  Substitution  of  one  part  for  another. 

replacement  action.  Simultaneous  replacement  of  parts  of  the  same  name  (e.g.,  three 
spark  plugs). 

replacement  job.  Replacement  action. 

response  time.  The  time  required  by  the  support  system  to  satisfactorily  fill  a  demand 
placed  on  it. 

support  system.  The  supply  and  maintenance  organization  and  resources. 


ABBREVIATIONS 


A  PC 

DCSI.OG 

DX 

FSN 

FY 

MOS 

QMR 

ROAD 

SSI 

TAFRS 
USAREUR 
USC ON ARC 


armored  personnel  carrier 
Deputy  Chief  of  Staff  for  Logistics 
direct  exchange 
Federal  stock  number 
fiscal  year 

military  occupational  specialty 

qualitative  materiel  requirement 

Reorganization  Objective  Army  Divisions 

stock,  store,  and  issue 

The  Army  Equipment  Records  System 

US  Army,  Europe 

US  Continental  Army  Command 
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Chapter  1 

INTRODUCTION 


BACKGROUND 

Past  ORO/RAC  studies1’  3-1  have  shown  that  vehicles  perform  less  reli¬ 
ably  and  cost  more  to  maintain  as  they  age.  Furthermore,  this  aging  occurs 
in  a  dynamic  technological  environment,  which  seems  almost  continuously  able 
to  produce  a  vehicle  today  superior  to  the  one  it  produced  yesterday. 

Such  circumstances  have  inspired  interest  among  vehicle  fleet  managers 
in  determining  optimum  lifetimes  for  vehicles.  Lifetime  in  this  instance  has 
a  different  meaning  from  the  common  one.  which  applies  to  biological  organ¬ 
isms  and  refers  to  their  period  of  life.  Biological  life  ends  irrevocably.  Prob¬ 
ably  no  moior  vehicle  built  has  naturally  experienced  the  end  of  a  lifetime  in 
the  sense  that  it  could  not  be  restored  to  an  operable  state  by  the  investment 
of  finite  effort.  The  question  of  vehicle  lifetime  is  whether  there  is  a  point  in 
vehicle  life  when  the  fleet  role  might  be  better  filled  by  replacing  a  current 
fleet  member  with  another  vehicle,  possibly  a  new  model.  (“Better”  usually 
implies  less  cost,  more  performance,  or  an  improved  combination  of  cost  and 
performance.) 

In  industry  such  a  lifetime  may  be  determined  by  comparing  the  monetary 
cost  and  return  of  keeping  a  current  vehicle  with  the  cost  and  return  of  replac¬ 
ing  it,  and  doing  what  gives  the  greatest  net  return.  If  a  point  is  reached  at 
which  replacement  is  preferred,  a  lifetime  has  been  determined. 

In  the  Army  the  situation  is  complicated  in  two  wavs:  (a)  the  “return”  of 
having  a  vehicle  is  not  measurable  in  monetary  terms  and  (b)  even  if  it  were, 
the  goal  may  not  be  to  maximize  the  net  monetary  return.  The  net  return  to 
be  maximized  may  be  national  security,  which  may  be  best  accomplished  by 
managing  the  military  vehicle  sector  in  a  way  that  does  not  maximize  monetary 
value.  Although  this  subject  is  not  covered  in  this  study,  the  findings  of  the 
study  should  be  helpful  to  decision  makers  concerned  with  this  type  of  problem. 

The  first  complication  results  in  the  necessity  to  define  a  nonmonetary 
measure  of  return.  Furthermore,  different  types  of  military  activity  may  re¬ 
quire  different  units  for  measuring  return,  and  these  may  have  to  be  compared 
with  each  other.  In  such  comparisons,  judgments  that  assign  military  values 
to  various  levels  of  return  and  then  weigh  military  values  of  return  against 
monetary  values  of  costs  must  eventually  be  made.  These  value  judgments 
are  discussed  in  the  last  chapter  of  this  memorandum. 
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All  the  other  chapters  consist  of  analyses  of  Ml 51  performance  and  cost 
data  and  their  implications  in  the  determination  of  effective  lifetime. 


THE  Ml 51  TRUCK 
Description  And  Role 

The  subject  of  this  study  is  the  M151  7,-ton  utility  4  ■  4  truck  [Federal 
stock  number  (FSN)  2520-542-4783].  According  to  the  operator’s  manual5  the 
Ml  51  was  .  .designed  as  a  general- pur  pose  personnel  or  cargo  carrier,  for 
use  over  all  types  of  roads  as  well  as  cross-country  terrain,  and  in  all  weather 
conditions."  According  to  “Principles  of  Automotive  Vehicles,”7  “General- 
purpose  vehicles  are  motor  vehicles  designed  to  be  used  interchangeably  for 
movement  of  personnel,  supplies,  ammunition,  or  equipment.  .  .and  used  with¬ 
out  modification  to  body  or  chassis  to  satisfy  general  automotive  transport 
needs. ” 

The  M151  is  the  most  recent  in  a  series  of  similar  vehicles  all  designed 
to  fill  the  same  role.  The  predecessor  of  the  M151  was  the  M38A1  '/4-ton 
truck.  According  to  the  project  card  kept  in  control  of  the  development  of  the 
M151."  a  requirement  existed  .  .  for  a  '4-tcn  4  '  4  utility  truck  of  improved 
design,  reduced  weight,  and  better  performance."  The  object  of  the  develop¬ 
ment  was  ‘to  provide  a  vehicle  in  the  '/4-ton  utility  class  of  improved  design, 
light  weight,  and  low  cost  to  replace  the  present  standard  '/4-ton  truck  (the 
M38A1). "  I11  the  May  1964  Army  Materiel  Plan2  the  M151  is  described  as 
having  “.  .  .less  weight  and  improved  performance  over  the  M38- series  trucks.” 
The  successor  to  the  M151  is  only  in  the  planning  stage,  but  in  its  proposed 
qualitative  materiel  requiremen*  'QMR)9  it  is  described  as  “an  austere  and 
low-cost  personnel  and  weapons  carrier  with  a  rated  payload  of  '4  ton.”  Under 
the  heading  “Reasons  for  Requirement"  it  is  stated  that  “.  .  .  [the]  DA  [Depart¬ 
ment  of  the  Army  directed  that  a  QMR  be  developed  for  a  new  '4-ton  truck 
with  sheer  useful  functionalism.  In  this  QMR  the  focus  should  be  on  simplicity, 
durability,  ease  of  operation  and  maintenance,  and  reduced  cost  in  relation  to 
the  Ml 51.”” 

In  a  recent  RAC  study'’  of  the  proposed  QMR  for  the  vehicle  scheduled  to 
replace  the  M151,  the  third  conclusion  is:  “The  vehicle  determined  to  be  most 
suitable  by  this  study  does  not  differ  greatly  from  the  present  M151." 

Fleet  Size 

The  current  active  Army  inventory  of  *4-ton  trucks  is  about  30,000.  As 
of  the  end  of  September  1964  about  16,000  of  these  were  M151’s  and  none  of 
them  were  more  than  4  years  old. 


APPROACH 

The  aging  rates  and  lifetime  derived  in  this  study  apply  to  vehicles  issued 
new  and  maintained  at  support  echelon  and  lower.  Thus  rebuild  is  not  a  part  of 
the  maintenance  accounted  for.  The  desirability  of  rebuild  is  considered  from 
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a  cost  point  of  view  in  App  (‘  and  more  generally  in  Chap.  6.  hut  in  both  eases 
rebuild  is  treated  as  the  end  of  the  new  lift'  and  the  beginning  of  a  rebuilt  life. 
The  major  results  of  the  study  apply  to  vehicles  issued  new  and  subjected  to 
maintenance  short  of  rebuild. 

The  unit  of  return  of  Ml  fit’s  was  established  as  a  mile  of  movement.  The 
quality  of  a  mile  was  described  by  the  probability  tnat  it  could  lie  tiegun  when 
it  was  needed  (availability)  and  the  probability  that  once  begun  it  could  lie  com¬ 
pleted  without  breakdown  (reliability). 

Costs  considered  were  initial  price  and  costs  of  unscheduled  maintenance. 
Costs  of  scheduled  maintenance  ana  fuel  were  assumed  to  be  constant  through¬ 
out  vehicle  life,  and  therefore  not  influencing  life.  (Of  course  this  assumption 
is  valid  only  if  replacement  vehicles  have  the  same  scheduled  maintenance  and 
fuel  costs  as  M151’s,  but  the  lifetime  analysis  was  confined  to  such  a  situation, 
primarily  for  reasons  set  forth  in  App  C  in  the  disc  ussion  of  “role  life.”) 

The  study  gathered  data  that  described  Ml  51  Vi-ton  truck  field  perform¬ 
ance  in  terms  of  reliability,  availability,  and  resource  consumption  for  a  range 
of  truck  ages  sufficient  to  indicate  the  effects  of  aging  on  performance.  Because 
resource  consumption  and  availability  directly  involve  the  maintenance  support 
environment,  data  on  support-system  response  to  Ml  51  truck  maintenance  de¬ 
mands  were  also  collected.  Since  accumulated  usage  was  regarded  as  the  most 
sensitive  single  measure  of  vehicle  age.  usage  data  were  of  particular  interest 
to  the  study. 

The  basic  data  elements  from  which  reliability,  availability,  and  resource 
consumption  of  vehicles  may  be  derived  are  vehicle-breakdown  rate,  time  re¬ 
quired  by  the  support  system  to  restore  the  broken-down  vehicle  to  operability, 
and  resources  expended  in  the  restoration  effort.  The  basic  data  contributing 
to  each  vehicle  characteristic  are  shown  in  Table  1,  As  can  be  seen,  break¬ 
down  rate  is  of  fundamental  importance.  It  is  both  the  rate  at  which  the  vehicle 
falls  out  of  operability  and  the  rate  at  which  it  demands  expenditures  of  skilled 
man-hours,  tool-hours,  and  parts;  it  is  the  tempo  of  vehicle  troublemaking. 


TABLE  1 

Relotions  between  Data  Elements  and  Vehicle  Characteristics 


Basic  dc.ta 


Vehicle  characteristic 


Ret  iobi  I  ity 


Avoilobility 


Resource  consumption 


Itreakdimn  rate  \  \ 

Restoration  time  —  \ 

llrslnr.it  ion  re  sourer 

expenditure  —  — 


\ 

\ 


Because  the  cost  of  maintenance  and  vehicle  availability  depend  not  only 
on  the  vehicle  itself  but  also  on  the  efficiency  and  quickness  of  response  of  the 
support  system,  costs  and  downtimes  characteristic  of  M151  maintenance  were 
made  the  subject  of  a  separate  chapter.  Chap.  2. 

In  Chap.  3  the  performance  of  engines  and  transmissions  is  given  special 
attention  because  of  their  importance  to  the  quality  and  cost  of  vehicle  per- 
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formative.  and  as  examples  for  introducing  and  demonstrating  the  idea  of  equi¬ 
librium  performance,  used  subsequently  in  projecting  vehicle  performance  and 
costs  beyond  the  data. 

Chapter  4  discusses  the  effects  of  vehicle  age  on  vehicle  performance  in 
terms  of  breakdown  rate,  reliability,  availability,  and  mission-success  index 
(a  combination  of  reliability  and  availability). 

Chapter  5  discusses  the  influence  of  vehicle  aging  on  maintenance  expendi¬ 
tures  in  terms  of  maintenance  labor  man-hours,  maintenance  lalxir  costs,  parts 
costs,  and  SSI. 

In  Chap.  6  the  determination  of  vehicle  lifetime  is  described  in  detail,  using 
the  analyses  and  projections  contained  in  Chaps.  2  to  5. 

The  results  derived  are  averages  for  the  sample  observed.  The  perform¬ 
ance  and  costs  of  individual  vehicles  may  of  course  be  higher  or  lower  than 
the  averages. 


DATA 


The  basic  data  collected  were  records  of  monthly  miles  of  operation  and 
maintenance  performed  on  772  Ml 51  l/,-ton  trucks  in  Seventh  Army.  US  Army, 
Europe  (USAREUR).  between  1  Sep  61  and  30  Sep  63.  These  data  were  collected 
by  study  members  from  existing  Army  records  including  vehicle  logbooks,  the 
predecessor  Organizational  Equipment  Files  (DA  Form  473’s),  and  Field 
Maintenance  Job  Orders  (DA  Form  811’s).  For  617  of  these  M151's.  mainte¬ 
nance  actions  (excluding  lubrication)  were  recorded  only  for  the  group  of  se¬ 
lected  parts  shown  in  Table  2.  For  the  remaining  155  vehicles,  more  detailed 
information  was  obtained.  For  this  subsample,  additional  supply  data  were 
gathered  from  organizational  requisition  registers,  and  maintenance  actions 
were  recorded  for  all  parts. 

Vehicle  Sample 

Source.  All  772  vehicles  observed  were  observed  from  time  of  initial 
issue,  all  were  observed  in  USAREUR,  and  all  were  manufactured  by  the  Ford 
Motor  Company.  Their  Army  registration  numbers  range  from  2B6566  to 
2D2855;  they  were  preponderantly  B  and  C  (about  evenly  divided). 

The  sample  was  stratified  to  represent  Ml 51  operations  in  armored  divey 
siuns,  infantry  divisions,  and  armored  cavalry  regiments  as  shown  in  Table -U 
No  attempt  was  made  to  make  the  size  ol  the  strata  proportional  to  their  size 
in  the  UFAREUR  or  worldwide  fleets. 

Sice.  As  shown  in  Table  3.  the  sample  of  vehicle  life  studied  had  two 
dimensions— the  number  of  vehicles  and  the  mileage  span  covered.  The  effects 
on  vehicle  life  of  other  factors— climate,  terrain,  mission,  driver  competence— 
were  not  specifically  studied,  and  so  were  not  isolated  as  the  additional  dimen¬ 
sions  of  the  sample  that  they  are. 

Figure  1  shows  how  the  study  sample  of  M151’s  compares  with  the  total 
Ml 51  population  of  30  Sep  64  in  terms  of  size,  age,  and  theater.  The  theater 
distributions  were  taken  from  the  Hi-Five  Summary  of  November  1964.  0 

Appendix  A  discusses  the  adequacy  of  the  sample.  In  summary  it  is  be¬ 
lieved  to  be  satisfactory  to  approximately  19,000  miles,  where  it  drops  below 
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100  \chicles.  Beyond  2/1,000  mil  vs  Hi*'  sample  si/c  is  essentially  0.  and  there¬ 
fore  furnishes  a  foreshortened  view  if  Ml  Til  acini'.  As  a  result  there  is  only 
a  little  information  about  the  performance  of  replacement  assemblies  and  some 


TABLE  2 


M151  Ports  for  Which  Mointenonce  Activity  Wos  Recorded  for  Al1  Vehicles 


Nomenc  loture 

FSN 

\rm  riH«M*ntl*l\ 

1'  1  * < ii  1  I1|i|m  i 

7.",  i’  M.7H- 11  22 

1'  r« >ii t  lower 

27.  tO-r.78- 1)  IH 

\rm  ciml  nh.ifl  fill >  1  \  .  rm  krr 

2HO',-r>7H-TIH2 

It.illerx 

r.l  I0.07.7-2.VU 

Hearing  roller.  Iitj*i  r«  i| 

11  KM.7S-  IHOT 

llrll .  \  .  uiMHT.ilor 

m  iiM.io-i  nti. 

(i.irhnrrlor 

2*>IO-r.7H- 187.7 

(Till.  Ii 

Pari >  kil 

2.T2IMW7- 1  r.  t 

Retiring.  llirnsl 

u  io-i:.h-oi**o 

Di-i 

27.20-i.7H-  1 ,1  tit 

Hair.  prepare 

27. 20-1. 7H- ITK. 

(‘oil.  infill  ion 

2**20-121-0 171 

(Milhlcr  iissoinMx  ibr.ikr  m.isler  ix  (inner) 

2.T.TO-(>7ll-:i077 

Different  ial 

2720-r.7H-.il  2:1 

Distributor 

■7'*20-(.7H-ia*><* 

Kngiiie 

2H0.VO78-IH20 

(  r«ir.  slm  mg 

2.T7.0-iT7H-lilil*> 

(•I'lHTdlor 

2020-TI  l-O.'i."*) 

1  lose .  furl  Him 

2**10-770-  iri  IT 

Prop  sli.ifl 

1  ront 

27.20-r.7H-  7072 

Hew 

27.2lk07H-:i(17.T 

Pump 

ITiiT 

2**10-0711-  IH.V. 

Oil 

2H07vf.7H-  UH7 

Wilier 

2*1:10-0  7K-I  111') 

il  ad i  til  or 

2020-07H-1212 

Hrgnliitnr  generator 

2**20-">  10-0 170 

Shot  k  iilisorltcr 

Hour 

27. 10-07(1- 2**711 

iVonl 

27.  l0-07H-2'***0 

Spark  pi  up 

2**20-77.2-  J27.H 

Slurler 

2**2'l-ti7H- 1  H7.0 

1  irr 

2010-07H-1 707 

'I  nuismission  find  transfer  assemble 

27.20-07H-I  H0H 

uncertainty  of  probable  replacement  times  of  the  original  parts  that  were  still 
intact  at  20,000  miles.  Only  after  the  vehicles  are  operated  several  more  years 
will  these  data  be  available.  Since  fleet  managers  must  make  replacement 
decisions  before  the  fleet  actually  is  degraded  to  an  unacceptable  condition, 
this  study  has  used  data  now  available  as  a  leasonable  basis  for  analysis  and 
projection. 
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Vehicle  Usage  Rate.  The  average  usage  rate  of  the  sample  was  756  miles/ 
month  and  was  distributed  as  shown  in  Fig.  2.  Since  the  rate  for  the  total 
USAREUR  fleet  was  about  550  miles/month. 11  the  sample  was  an  atypically 
active  portion  of  the  M151  USAREUR  fleet. 

Segmentation.  It  was  necessary  for  the  analysis  fo  consider  the  data 
gathered  as  "epi  i  seating  four  samples,  each  having  a  different  degree  of  data 


TABLE  3 


Averaqe  Months  in  Service,  Miles  per  Month,  ond  Total  Miles  Traveled  of  the  M151  Somple 

(30  S«p  43) 


Orgonnotion 

Vehicles 

Averoge 

Months  in 

service 

Miles  per 
month 

Total 
mi  les 

3d  Armd  l)iv 

207 

18 

781 

14.056 

3  33  Arm 

20 

•V) 

633 

14.11.5 

:i  12C.iv 

68 

13 

733 

11.332 

2  32  Arm 

20 

21 

803 

lo.859 

1  31  Arm" 

to 

19 

779 

14.806 

1  JH  |nfn 

10 

IT 

886 

15,064 

2  1H  |nf“ 

3t 

19 

833 

16.206 

Uh  Anmi  l)iv 

116 

18 

687 

12,361 

2  13  Cm 

37 

21 

392 

12.441 

2  33  Ann 

]7 

18 

798 

14,364 

1  37  Arm 

ii 

17 

731 

12,179 

2  31  Inf 

It: 

13 

732 

10,081 

i  33  Arm 

13 

18 

7.38 

13.286 

2  37  Arm" 

20 

1.3 

739 

1  1,087 

2Hh  Inf  Div 

167 

20 

718 

14.360 

3d  ltriKa.h  l!0 

11 

17 

617 

10,197 

1  10  Inf 

13 

23 

736 

16,933 

1  21  inf 

30 

23 

689 

15.850 

2  21  inf 

•>- 

2.3 

7’i'V 

16.606 

1  3t  Inf 

31 

17 

698 

1 1 ,866 

3  l<)  Inf" 

12 

It; 

673 

12.116 

2  31  Inf 

13 

21 

810 

20, .55 

'2<l  \riiid  C.av  Hegt 

167 

r. 

78.8 

13.345 

1  2  \rm<l  Cav 

39 

19 

769 

14.610 

1?  2  \rnul  (’av 

63 

18 

662 

11.913 

3  2  \rsml  Cav 

63 

16 

878 

14.041 

1  Uh  \rrml  ( ! «,-v  Kept 

11.3 

16 

832 

13,312 

1  l  Amid  (*a\ 

62 

17 

793 

13,474 

2  1  l  Amid  Cm 

33 

16 

820 

13,123 

lot.il  average  1  SAHKl  H  772 

18 

736 

13.603 

Ulic  !.».>  M'hii-lrs  of  tfu*  deluii  sample. 


completeness.  In  the  first  place  the  decision  of  the  study  to  collect  all  re¬ 
corded  maintenance  data  for  155  of  the  vehicles  end  only  selected  data  for  the 
remaining  617  vehicles  immediately  created  two  samples  with  different  degrees 
of  data  completeness.  In  addition  a  new  and  more  detailed  maintenance  report¬ 
ing  system  'Tim  Army  Equipment  Records  System  (TAERS)jwas  installed  in  the 
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Army  while  the  study  was  in  progress.  This  innovation  meant  that  each  of  the 
RAC-created  samples  was  subdivided  into  two  pieces:  a  piece  for  which  only 
those  maintenance  actions  included  in  the  old  recording  system  were  recorded, 
and  a  subsequent  piece  for  which  the  more  complete  records  required  by  the 
new  TAERS  system  were  available.  A  further  complication  was  that  both  the 
Mi51’s  and  the  TAERS  system  were  introduced  to  different  units  at  different 
times.  Figures  3  and  4  show  the  mileage  and  calendar-age  distributions  of  the 
total  sample  and  the  portion  of  it  covered  by  TAERS.  Figure  5  shows  a  mileage 
distribution  of  the  smaller  intensively  studied  sample  of  155  vehicles  and  the 
portion  of  it  covered  by  TAERS. 


MILES  SINCE  ISSUE 

Fig.  3 — Observed  Sample  of  M 1 5 1  Life  as  Distributed  in  Vehicle  Mileage 

l"otol  somple  V/ZA  Sample  covered  by  TAERS 

Vehicle  Performance  Data 

Maintenance  Data  Maintenance  data  took  the  basic  form:  maintenance 
event  x  was  experienced  by  vehicle  number  y  on  date  z  when  the  vehicle  was  s 
miles  old.  A  maintenance  event  was  the  adjustment,  repair,  or  replacement  of 
one  or  more  parts,  or  a  scheduled  semiannual  maintenance  check  and  lubrica¬ 
tion.  For  maintenance  events  occurring  at  third  echelon  (direct-support  field 
maintenance)  three  dates  concerning  the  event  were  available:  the  date  work 
was  requested,  the  date  it  began,  and  the  date  it  was  completed.  For  mainte¬ 
nance  events  occurring  at  second  or  organizational  echelon  (battalion  and  com¬ 
pany  maintenance)  the  onlv  date  available  was  the  date  work  was  finished.  At 
both  echelons  man-hours  expended  per  maintenance  event  were  available. 

Data  on  the  skill  level  or  military  occupational  specialty  (MOS)  of  the  man¬ 
hours  expended  and  on  the  numbers  and  kinds  of  tool-hours  expended  per 
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Fiq.  4— Observed  Sample  of  M 1 51  Life  as  Distributed  in  Vehicle  Calendar  Age 
r~ i  Total  sample  V//A  Sample  covered  by  TAERS 


0  5,000  10,000  15,000  20,000  25,000  30, 0C 

MILES  SINCE  ISSUE 


Fig.  5 — Sample  of  155  M151's  Observed  in  Detail  as  Distributed  in  Vehicle  Mileoge 
Total  detail  sample  V//A  Detail  sample  covered  by  TAERS 
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maintenance  event  were  not  readily  available.  In  general  there  was  no  indica¬ 
tion  whether  a  maintenance  action  performed  was  preventive  or  restorative 
although  actions  performed  on  specific  parts  during  scheduled  checks  were 
probably  preponderantly  preventive. 

Repair- Parts  Data.  Data  on  repair-parts  usage  are  recorded  on  requisi¬ 
tion  registers  at  organizational  level.  Each  requisition  shows  the  part  requisi¬ 
tioned.  the  quantity  of  it  requisitioned,  the  date  on  which  the  requisition  was 
made,  and  the  date  on  which  it  was  filled.  Except  in  cases  where  large  quanti¬ 
ties  of  an  item  were  requisitioned  in  support  of  all  or  many  vehicles  of  the  or¬ 
ganization,  the  vehicle  for  which  the  part  was  requisitioned  was  also  identified. 
These  data  provided  a  source  of  parts-consumption  data  in  addition  to  that  re¬ 
corded  in  the  vehicle  logbooks. 

Operational  Data.  Operational  data  took  the  form  of  end-of-month  odom¬ 
eter  readings  or  miles  accumulated  during  the  month  for  each  vehicle. 
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Chapter  2 

SUPPORT-SYSTEM  RESPONSE  TO  M151  MAINTENANCE  DEMANDS 


INTRODUCTION 

Support-system  response  to  equipment  maintenance  demands  directly  in¬ 
fluences  equipment  lifetime  in  two  ways:  (a)  the  efficiency  of  the  response  di¬ 
rectly  affects  the  expense  of  the  response  and  hence  the  expense  of  having  the 
equipment  and  (b)  speed  of  the  response  directly  affects  equipment  readiness. 

This  chapter  discusses  the  response  of  the  support  system  to  repair  de¬ 
mands  placed  on  it  by  M151  V4-ton  trucks,  'he  purpose  of  the  chapter  is  to 
develop  and  present  only  the  two  factors  tnat  directly  affect  the  lifetime  of  the 
M151:  resources  expended  per  support  action  and  vehicle  downtime  per  sup¬ 
port  action.  The  analysis  covers  only  unscheduled  demands  for  maintenance 
met  at  second  and  third  echelons  and  the  time  required  to  fill  repair-parts 
requisitions  made  at  second  echelon. 


RESOURCE  CONSUMPTION 

Resources  accounted  for  in  this  discussion  include  direct  and  supervisory 
maintenance  man-hours;  repair  parts;  and  dollars  expended  in  the  procurement, 
supply,  and  distribution  of  parts  (SSI).  Maintenance  tools  and  plant  are  not  con¬ 
sidered,  nor  are  training  costs  and  other  support  expenses  associated  with  per¬ 
sonnel. 

Maintenance 

Maintenance  is  the  set  of  actions  taken  to  correct  or  preclude  equipment 
deficiencies.  Only  adjustments,  repairs,  and  replacements  of  vehicle  com¬ 
ponents  and  parts  are  discussed;  inspections,  washings,  and  lubrications  are 
not  included. 

The  daia  base  for  this  section  of  t lie  analysis  consists  of  all  known  re¬ 
corded  maintenance  events  for  the  155  vehicles  covered  in  detail  by  TAERS. 

A  total  of  2243  maintenance  actions  were  recorded  for  this  sample  of  Ml 51  ve¬ 
hicles.  A  breakdown  of  these  actions  according  to  echelon  and  type  of  action 
is  shown  in  Table  4. 

Man-hours.  Since  available  data  frequently  did  not  show  the  number  of 
man-hours  expended  on  a  given  maintenance  action,  the  sample  of  maintenance 
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TABLE  4 


Somple  of  Mointenonce  Actions  from  which  Support-System 
Mointenonce  Response  to  M151  Demonds  Wos  Determined 


T ype  of  action 

Echelon 

Second 

Third 

Both 

Adjustment 

:vr. 

10 

:ur> 

Repair 

it: 

28 

205 

Replacement 

ir>i8 

i  55 

170.1 

Total 

2050 

10,8 

22 13 

TABLE  5 

Actions  Sample  far  Which  Man-Hour 

Consumption  Wos  Known 

Type  of  action 

Echelon 

Second 

Third 

Both 

Adjustment 

79 

10 

89 

Repair 

?;l 

20 

9;? 

Replacement 

467 

122 

589 

Total 

6i» 

152 

77 1 

TABLE  6 


Mean  Man-Haur  Car  sumption  per  Maintenance  Action, 
by  Echelon  of  Maintenance  ond  T/pe  of  Action 


Echel 

on 

Type  of  oction 

Second 

Third 

Bci'h 

(weighted  average) 

Adjust  me  in’ 

0.87 

o 

cc 

■M 

0.93 

Rep  air 

1.25 

2.80 

1.46 

Replacement 

1 .39 

i  "* 

1.69 

Total 

(weigh*  ed  average) 

1.31 

4.30 

1.55 

actions  shown  in  Table  5  is  smaller  than  that  in  Table  4.  The  effect  of  this 
sample  shrinkage  on  the  analysis  is  presumed  small;  it  is  described  further 
in  App  A. 

To  compute  the  average  man-hours  per  maintenance  action  the  number  of 
actions  shown  in  Table  5  was  divided  into  the  total  number  of  man-hours  con¬ 
sumed  for  each  action  type.  The  resultc  of  this  calculation  are  shown  in 
Table  6. 

The  distributions  of  man-hours  consumption  per  maintenance  action  are 
shown  in  Figs.  6  and  7.  These  figures  show  that  most  of  the  actions  consumed 
fewer  man-hours  than  the  averages  taken  from  Table  6  and  are  indicated  by 
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Second  echelon 
(organ*  zationol) 


Actions:  79,  mean  man-hours:  0.87, 


Third  echelon 
(direct  support) 


Actions:  10;  mean  man-hours:  2.80. 


a.  adjustments 


Actions:  73;  mean  man-hours:  1.25,  Actions:  20;  meon  man-hours:  7.80- 

b.  Repairs 


Actions:  467;  meon  man-hours:  1.39.  Actions:  122;  mean  man-hours:  4.67 


c.  Replacements 

Fig.  6 — Distributions  of  Man-Hours  per  Maintenance  Action  Expended  on 
M 1 51  z^-ton  Trucks  by  Organizational  and  Direct-Support  Maintenance 
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o.  Second  Echelon  b.  Third  Echelon 

Actions-  619,  m«an  man.hourj:  1.3)  Actions:  152;  mean  man-hours:  4.30. 


c.  Both  Echelons 

Actions:  77);  mean  man-hours:  ).90 

Fig.  7 — Distributions  of  Mon-Hours  per  Mointenonce  Action  for  All  Actions 


fiducial  murks  on  Figs.  6  and  7.  At  second  echelon  the  grouping  to  the  left  was 
marked.  Ninety-one  percent  of  unscheduled  second-echelon  actions  consumed 
less  than  4  man-hours,  almost  50  percent  less  than  1  hr.  At  third  echelon  the 
distribution  was  broader.  Fifty-two  percent  of  the  actions  consumed  less  than 
4  man-hours,  only  2  percent  less  than  1. 

Cost  of  Man-Hours.  Man-hour  expenditures  were  costed  in  two  different 
ways.  First,  since  the  man-hours  reflected  in  Table  6  were  direct  man-hours 
(man-hours  expended  by  mechanics  and  mechanics’  helpers),  thev  were  costed 
at  the  rate  of  ■;  1.80  per  hr  in  both  second  and  third  echelons.  The  #1.80  rate 
is  the  weighted  mean  for  all  maintenance  personnel  of  grade  E-5  and  lower  in 
the  maintenance  organizations  that  support  vehicles  in  armored  and  mecha¬ 
nized  infantry  divisions  under  the  Reorganization  Objective  Army  Divisions 
(ROAD)  organization.1  ’  Although  each  echelon  was  analyzed  separately  the 
rates  were  1.80  in  both  cases.  The  hourly  rates  used  in  the  calculation  were 
taken  from  AR  35-247. 1,1  Table  7  contains  the  hours  of  Table  6  costed  at  $1.80 
per  hour. 
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A  second  costing  of  this  labor  was  made  by  incorp«»ratiiig  a  cost  for  super 
vision.  This  was  doin'  by  inflating  the  man-hours  of  Table  f>  by  IS  percent,  an 
inflation  that  assumed  an  organizational  pyramid  based  on  a  ratio  of  1  super¬ 
visor  to  7  to  8  supervisees  at  every  level.  (This  supervisor-to-supervisee 
ratio  was  indicated  by  an  analysis  of  t ho  staffing  pattern  of  two  large  mainte¬ 
nance  battalions.  The  ratio  can  be  expressed  as  follows:  number  of  personnel 
of  grade  E-6  and  up  divided  In  number  of  personnel  of  gia.de  F-5  and  down. 

For  the  maintenance  battalion  furnishing  direcl  support  to  the  ROAD  armored 
division11  this  ratio  is  14.5  percent:  for  the  battalion  supporting  a  mechanized 
infantry  division1'  the  ratio  is  15.1  percent.) 


TABLE  7 


Costs  of  Direct-Mointenance  Lobor  per  Mointenonce  Action 

(In  dollars) 

Type  of  oction 

Echelon 

Second 

Third 

both 

(weighted  overoge) 

Vtijiistnient 

i 

.-».<>> 

l.r.T 

Repair 

•  j 

.'..01 

2M\ 

It  c  pi  arrmelll 

.’.VI 

H.tl 

tot 

1  ot.il 

•  \u'  igliletl  avenge  ^ 

j.  ti. 

:.:i 

2,  .*) 

TABLE  8 


Costs  ol  Mointenonce  Labor,  Including  Supervision,  per  MointenonLe  Action 

(In  dollar  s ) 


Echelon 

1  ype  of  oction 

Second 

Third 

1 

Both 

(weighted  overoge) 

\d  jiistiuent 

i  .<><> 

6.  11 

'2.  IV  > 

Repair 

•:.ai 

(,.  1  l 

a.  )0 

Kepl'ic  fincnt 

1  u 

10.71 

a. hi 

lot  ill 

(weighted  av erage ) 

g.ui 

<>.«<) 

a.r.a 

Based  on  the  rates  shown  in  AR  35-247,16  the  mean  cost  per  second-eche¬ 
lon  man-hour  c  onsidering  all  maintenance  personnel  in  second  echelon  (super¬ 
visors  as  well  as  mechani<  r-,)  was  found  to  be  fl.95.  For  third  echelon  the 
cost  was  found  to  be  :'2  per  man-hour.  Table  8  shows  the  cost  of  labor  per 
maintenance  action  when  the  man-hours  shown  in  Table  6  are  inflated  by  15 
percent  and  then  multiplied  by  these  man-hour  labor  costs. 
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Supply 

Parts.  I  !.c  cost  of  parts  consumed  was  determined  for  each  maintenance 
action  in  Tunic  6  by  costing  parts  at  their  list  prices  taken  from  Army 
manuals.17'  The  mean  cost  of  parts  replaced  per  second-echelon  replace¬ 
ment  actum  was  found  to  be  r9  SO.  For  third-echelon  replacement  actions  a 
mean  cost  of  '95  was  found.  The  weighted  mean  for  both  echelons  was  about 
‘  17  per  replacement  action.  Table  9  summarizes  these  results. 

TABLE  9 

List  Cost  of  Porls  pet  Replacement  Action 


Echelon 


List  >'osf,  dcllors 


S't  -  Hit  I  *)..”() 

{ It  ml  ‘•VOO 

Boll:  1  \\f  lull  I  ;’||  ,t\  »M  ,urr  I  17.1*0 


Figure  8  shows  the  distribution  of  these  costs  for  each  echelon  and  then 
for  both  echelons  combined.  Sixty-eight  percent  of  second-echelon  replace¬ 
ment  actions  consumed  less  than  '5  of  parts,  though  a  few  rost  more  than  ElOO. 
The  very-high- cost  second-echelon  replacement  action  usually  involved  the 
replacement  of  tires.  At  third  echelon  30  percent  of  the  replacement  actions 
consumed  less  than  E5  of  parts,  another  30  percent  between  t5  and  '10,  and 
almost  30  percent  between  ‘300  and  ?325.  The  latter  were  all  engine  or  trans¬ 
mission  replacements  charged  at  list  price.  Thirteen  percent  of  third-echelon 
replacement  actions  had  parts  costs  scattered  between  El 5  and  ?  1 00 ;  none  fell 
between  E100  and  '300. 

A  second  cost  of  parts  was  developed  in  which  the  following  major  repar¬ 
able  items  were  costed  at  30  percent  of  list  price: 


Engine 

Transmission 

Differential 

Distributor 

Battery 

Starter 


Generator 
Carburetor 
Fuel  pump 
Radiator 
Water  pump 
Tire 


Thirty  percent  is  the  accounting  value  generally  used  by  the  Army  to  re¬ 
flect  the  cost  of  returning  reparable  items  to  serviceable  condition.  (A  previous 
RAC  study1  showed  that  rebuild  costs  of  18  M38  direct-exchange  (DX)  items 
averaged  26  percent  of  their  list  price.)  Since  a  large  number  of  replacements 
of  the  items  listed  are  or  will  be  rebuilt  rather  than  new,  the  resulting  parts 
costs  per  replacement  action  shown  in  Table  10  are  probably  a  more  reasonable 
measure  of  parts  costs  than  are  the  full  list  costs  shown  in  Table  9. 

Indirect  Costs.  No  study  of  indirect  costs  of  supply  was  undertaken  as 
part  of  tins  study.  However,  such  a  study  was  previously  conducted  for  the 
support  of  M38-series  1  ,-ton  trucks  at  Ft  Knox.1  The  analysis  accounted  for 
procurement,  storage,  and  distribution  costs  commonly  referred  to  as  SSI. 
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The  average  cost  of  these  activities  was  found  to  he  2.6  times  the  list  price  of 
the  items  supplied. 

Another  portion  of  the  M38-series  'h-ton  truck  report  dealt  with  the  re¬ 
pair  cost;*  of  reparable  items.  When  tin1  SSI  factor  is  combined  with  the  re¬ 
pair  costs  for  reparable  items,  it  was  found  that  the  average  cost  of  all  parts 
installed  was  2.27  time's  the  list  pi  c  at  organizational  level  and  1.37  times 
the  list  price  at  third  echelon. 


TABLE  10 


Cost  of  Ports  per  Replocement  Action,  Assuming  30  Percent 
Rebuild  Cost  foi  DX  Items 


Echelon 

Cost,  dollors 

Percent  of  list  cost 

N't  ond 

(>.70 

70.  T 

Third 

at.  :«> 

:tr>.  1 

Until  (we 

ighled  tiuTrifp') 

<UM) 

.72.0 

TABLE  11 

Cost  of  Ports  per  Replocement  Action  Including  SSI 
Echelon  Cost,  dollors 


Scntntl 

Third 

liolh  (weighted  nver.ige) 


2!..p>0 

130.00 

31.00 


Table  11  summarizes  the  results  of  applying  these  parts  cost  factors  to 
the  list  price  costs  shown  in  Table  9. 

Distribution  of  Maintenance  Activity  and  Resource  Consumption 
by  Echelon 

The  distribution  of  maintenance  activity  and  resource  consumption  between 
echelons  is  summarized  in  Table  12.  Of  the  2243  maintenance  actions  shown 
in  Tabic  4,  91  percent  were  performed  at  second  echelon  and  9  percent  at  third. 
However,  24  percent  of  all  the  man  hours,  50  percent  of  the  list-price  dollar 
value  of  parts  consumed,  and  36  percent  of  the  dollar  value  of  all  consumed 
support -system  resources  accounted  for  were  consumed  at  third  echelon. 

TABLE  12 


Distribution  of  Mointenonce  Actions  ond  Support-System 
Resource  Consumption  between  Echelons 


Item 

Distribut 

ion,  % 

Second  echelon 

Third  echelon 

M.iiutriMm  e  .n  il nils  observed 

01 

9 

Mmi-imur*  i  nrisium  d 

7(i 

21 

I  isl-prii  e  \,ilur  of  |Mrt s  <  mismiH") 

r,o 

r>o 

Doll.il  value  »if  ill]  resnun  es  ennsidered 

<ii 

:ir> 
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Second-echelon  maintenance  accounts  for  ten  times  as  many  actions  as  third 
echelon  hut  consumes  less  than  twice  as  many  maintenance  dollars. 

Summary 

The  two  resources  consumed  by  maintenance  of  the-  M151  '  i-ton  truck  are 
man-hours  and  supply  resources.  Supply  resources  include  parts,  supply- 
system  manpower,  and  overhead.  Parts  costs  used  in  the  effective  life  calcula¬ 
tion  were  based  on  list  prices  adjusted  to  take'  account  of  SSI  and  costs  incurred 
dur iny  repair  or  rebuild  of  reparable  DX  items. 

Table  8.  which  shows  labor  costs  and  Table  11.  which  shows  adjusted  parts 
costs,  are  combined  in  Table  13  to  give  the  total  dollar  cost  of  support -system 
resources  (excluding  maintenance  tools  and  plant  and  personnel  support)  con¬ 
sumed  per  maintenance  action. 


TABLE  13 


Dollars  Consumed  in  Ports,  SSt,  and  Direct  and  Supervisory 
Labor  per  Maintenance  Action 


T ype  of  oction 

Cost  by  echel 

on,  dollors 

Second 

Third 

Both  (weighted  overoge) 

Vdjushnrnl 

6.  11 

:MW 

llop.iir 

3. ni 

(>.  n 

:i.:io 

lirpl.u  rmrnl 

2I.<>2 

1  10.71 

It. HI 

Tut  ul 

( \\ <*  iph  1  tv<l  ;i\«  nip') 

I'M  1 

1  1  1. 10 

27. 13 

RESPONSE  TIME 
Introduction 

"Response  time’  is  the  time  that  elapses  between  the  communication  of  a 
demand  for  maintenance  support  and  the  satisfaction  of  that  demand.  The 
longer  the  time,  the  lower  is  the  availability  of  a  fleet  of  equipment. 

Response  time  is  affected  by  the  efficiency  with  which  the  maintenance 
organizations  allocate  ard  employ  their  resources  and  the  efficiency  of  the  sup¬ 
ply  system  in  anticipating  demands  for  parts  end  prepositioning  the  parts  where 
they  will  be  needed. 

Downtime 

Although  91  percent  of  all  unscheduled  maintenance  actions  studied  in  the 
previous  section  occurred  at  second  echelon,  response  time  was  not  recorded 
there.  Not  all  such  actions  implied  an  immobilized  vehicle,  but  many  of  them 
did,  and  the  absence  of  data  on  how  much  time  elapsed  in  returning  the  vehicle 
to  operability  for  these  actions  constituted  a  research  data  gap.  Deadline  re¬ 
ports  were  of  assistance,  but  because  they  are  made  only  at  24-hr  intervals 
many  short  jobs  never  appear  on  them.  To  fill  this  gap,  an  analysis  was  made 
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JOB  ORDERS, 


,  Bills  J 

0  1  2  3  4  5  6  7  8  9  10  10 

ELAPSED  DAYS 


Fig.  9 — Distribution  of  Third-Echelon  Response  Ti.nes  to  M 1 5 1  Vton 
Truck  Dcmonds  for  Mointenonce 
674  job  orders,  meon:  6.5  days  job  order. 


0.  Engine  Replacements  b.  Transmission  Replacements 

Job  orders:  45;  mean:  6.5.  Job  orders:  118;  meon:  6.5. 


ELAPSED  DAYS 


c.  Clu4ch  Replacements 

Job  orders:  188;  meon:  6.5. 

Fig.  10 — Di  ributions  of  Third-Echelon  Response  Times  for  Three 
M 1 51  '4-ton  Truck  Repoir  Job  Orders 
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TABLE  14 


Downtime  for 

Replocements  of  Prime 

Mob  i  1  i  t  y 

Parts 

Averoge  downtime 

per  replacement 

Jobs 

Downtime 

System  Port 
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»l 
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1.0 
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•'I 

T 
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12 

nii.K 
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tl 

2 

i: 

‘Suspension  .irm*1 

1.0 

10 

1 

Tin 

0.." 

07 

> 

1 

*  W  heel  bearing*1 

1.0 
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k 

1  ucl  Carburetor 

l.r. 

"* 

•> 

nii.K 

4huel  pump'* 

1.0 

61 

■> 

mu: 

Cooling  +H«uli;»tor;l 

i.j 
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:) 

i  win 

4 Wilier  piiinp*1 
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K 
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— 

- 

'Mliird-iori'  purls — llicir  '.vi'iplilcil  im'.'in  (Imvtithnc  is  l/*  dnvs  jol>. 

Iiiaillll'nanc  <  job  orders. 

40nl\  rcnr  pro|a*iler  sliafts  were  eounted  as  hard  rare:  20  af  1  ho  .VI  |ira|ieHer-sliaft  replareinent  jahs 
observed  were  rear  prapellr-r-shafl  jolts. 

^Deadline  reparl . 

‘Kslimale, 


by  (a)  selecting,  a  group  of  maintenance  actions  that  usually  represent  a  seri¬ 
ously  debi'itated  vehicle  (the  rationale  of  this  selection  is  stated  at  length  in 
Chap.  4)  and  (b)  estimating  mean  response  times  for  the  selected  actions  per¬ 
formed  at  second  echelon.  Deadline  reports  and  third-echelon  downtimes  were 
used  as  guides  in  making  these  estimates. 

Third-echelon  actions  were  fully  documented  with  beginning  date  and  end¬ 
ing  date.  For  all  third-echelon  jobs  performed  on  M151’s  in  the  total  sample, 
the  mean  elapsed  time  between  the  request  for  work  and  the  completion  of  the 
work  was  6.5  days.  The  distribution  about  this  mean  is  shown  in  Fig,  9.  The 
mean  response  time  for  engine,  transmission,  and  clutch  replacements  were 
all  coincidentally  6.5  days;  however,  the  distribution  for  each  of  these  three 
jobs  differs  (see  Fig,  10). 

The  availability  and  reliability  analyses  in  this  study  were  based  on  re¬ 
placements  of  the  prime  mobility  parts  shown  in  Table  14.  The  table  also 
shows  the  mean  downtimes  associated  with  each  type  of  action  and  the  source 
of  the  downtime  information.  The  parts  are  grouped  by  vehicle  system. 
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As  is  further  explained  in  Chap.  4,  some  of  the  parts  of  Table  14  were 
designated  as  “hard-core  prime  mobility  parts’  on  the  basis  that  replacement 
of  one  of  these  parts  would  probably  represent  actual  vehicle  immobilization 
rather  than  mere  vehicle  impairment.  The  mean  downtime  per  hard-core  job 
was  3.9  days. 

The  estimated  downtimes  are  regarded  as  conservative  since  they  rely  on 
the  assumption  that  the  necessary  parts  and  maintenance  resources  are  usually 
available  to  perform  the  jobs  soon  after  they  arise.  The  following  discussion 
of  supply-system  response  to  requisitions  for  parts  placed  at  organizational 
level  suggests  this  assumption  m  optimistic  with  respect  to  parts. 

Supply  Performance 

The  data  base  of  this  discussion  is  about  2300  requisitions  for  Mi51  ‘4- 
ton  truck  parts  placed  at  organizational  level  in  the  units  studied  in  detail  dur¬ 
ing  calendar  year  1963.  Times  to  fill  those  requisitions  are  shown  in  Fig.  11. 


Fig.  11— Time  To  Fill  Organizotionol  Requisitions  for 
Ml 51  !'4-ton  Truck  Ports 

Mean:  44  days . 


The  mean  time  to  fill  was  44  days.  The  curve  shows  that  after  1  day  less  than 
2  percent  of  the  requisitions  were  filled,  after  6  days  less  than  15  percent  were 
filled,  and  a  month  was  required  to  achieve  a  50  percent  fill.  This  curve  varies 
very  little  among  units,  and  is  very  similar  to  unit  for  the  tank  or  the  armored 
personnel  carrier  (APC).  The  presence  or  absence  of  the  requisitioned  part 
on  the  stockage  list  seems  to  have  essentially  no  effect  on  the  curve  of  Fig.  11. 
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This  problem  is  well  known  and  is  fully  documented  in  RAC -T R- 1  58 .  " 

The  data  presented  here  are  intended  to  portray  the  problem  only  as  it  applies 
to  M 1 5 1  '4-ton  trucks  and  to  emphasize  it  as  a  particularly  disturbing  aspect 
of  support-svstom  response  to  Ml  hi  demands. 

Summary 

Downtime's  for  critical  second-echelon  maintenance  events  were'  estimated 
with  aid  from  deadline  report  information.  The  mean  downtime  per  critical 
e've'nt  was  determined  to  be  2.5  days.  For  the  hard-core  prime  mobility  parts 
the  mean  downtime  per  event  was  3.9  days.  These  estimates  are  presumed  con¬ 
servative  because  they  are  based  on  an  assumption  that  repair  parts  are  usually 
readily  available.  The  possibly  optimistic  nature  of  this  assumption  is  demon¬ 
strated  by  the  finding  that  the  supply  system  required  a  month  to  fill  half  the 
requisitions  for  Ml 51  ‘4-ton  truck  parts  placed  at  organizational  level. 
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Chapter  1 

PERFORMANCE  OF  MAJOR  ASSEMBLIES 


INTRODUCTION 


This  chapter  has  two  purposes:  to  discuss  the  performance  of  engines 
and  transmissions  as  important  aspects  of  M151  performance;  and,  using  en¬ 
gines  and  transmissions  as  examples,  to  introduce  and  demonstrate  the  idea 
of  performance  equilibrium  — an  idea  employed  in  Chaps.  4  and  5  in  projecting 
Ml 51  performance  and  maintenance  costs. 

Engines  and  transmissions  are  major  assemblies  in  their  cost,  complex¬ 
ity.  and  essentiality  to  successful  vehicle  operation.  This  chapter  presents 
their  observed  replacement  rates  as  they  vary  with  age,  then  projects  these 
rates  to  estimate  future  rates;  assembly  mean  lives  are  estimated.  Since 
few  data  on  the  performance  of  replacement  assemblies  were  available,  the 
projections  assumed  that  '(.placement  assemblies  perform  the  same  as  orig¬ 
inal  assemblies. 

In  the  last  section  of  this  chapter  the  available  data  on  the  performance 
of  replacement  assemblies  are  compared  with  the  performance  expected  when 
they  are  assumed  to  perform  the  same  as  the  originals. 


DESCRIPTION6 

The  engine  is  a  liquid-cooled  4-cylinder-in-line  overhead-valve  gasoline 
71-hp  engine.  The  transmission  has  four  speeds, of  which  the  top  three  are 
svnchronizod,and  a  torque  rating  of  120  ft-lb. 


LIKE -ORIGINAL  PERFORMANCE 

Method 

For  each  ol  the  two  assemblies  the  following  analysis  was  conducted: 

(a)  A  statistical  distribution  was  fitted  to  the  observed  replacement  rate  of 
original  assemblies.  From  this  distribution  it  was  possible  to  project  the  re¬ 
placement  rate  of  original  assemblies  and  to  estimate  the  mean  and  standard 
deviation  of  original  assembly  life. 


30 


RAC-T-479 


FOR  OFFICIAL  USE  ONLY 


FOR  OFFICIAL  USE  ONLY 


(b)  As.sumiig  that  replacement  assemblies  have  tin-  same  replacement 
rate  vs  age  is  that  projected  for  original  assemblies  (i.c,.  have  “like-original " 
performance),  replacement  rates  of  second,  third,  and  for  transmissions, 
fourth  assemblies  were  derived. 

(c)  A  projection  of  the  total  replacement  rate  was  derived  by  adding  the 
projected  rates  for  original  assemblies  and  subsequent  assemblies. 

Finally,  the  replacement  rate  of  the  two  assemblies  combined  was  derived 
by  adding  their  separate  rates. 

Engines 

Observed  Performance.  The  cumulative  replacements  of  Ml 51  engines 
observed  during  the  study  are  shown  in  Fig.  12.  Rv  the  end  of  the  first  1.9,000 
miles  of  vehicle  life  the  total  number  of  engines  replaced  amounted  to  just 
under  16  percent  of  the  number  of  vehicles.  However,  this  percentage  does 
include  some  second  replacements.  The  performance  of  the  original  engines 


MILKS  SINCE  ISSUE 

Fig.  12 — Observed  Cumulative  Replacements  af  Engines 


ana  their  replacements  is  shown  in  Fig.  13.  By  the  end  of  the  first  19.000 
miles  of  vehicle  life  14  percent  of  the  original  engines  had  failed.  The  Ticreas- 
ing  slope  of  the  curve  indicates  that  replacements  were  occurring  at  an  increas¬ 
ing  rah  .  In  particular,  in  the  first  10.000  miles  about  5.5  percent  of  the  engines 
were  replaced  as  compared  with  8.5  percent  in  the  next  10,000  miles— an  in¬ 
crease  of  more  than  50  percent. 

Analysis.  To  project  the  replacement  rate  of  original  engines  a  statistical 
curve  was  fitted  to  the  data.  Figure  14  shows  the  portion  of  the  curve  correspond¬ 
ing  to  the  age  range  covered  by  the  data. 

Figure  15  shows  the  statistical  curve  (“Original”)  extended  to  80,000  miles. 
This  constitutes  a  projection  of  th?  replacement  rate  of  original  engines.  En¬ 
gines  replaced  according  to  such  a  curve  have  a  mean  life  of  51.400  miles  with 
a  standard  deviation  of  23,909  miles. 
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Fig.  13 — Observed  Cumuldtive  Replacements  af 
Original  and  Second  Engines 
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Fig.  14 — Theoretical  nnd  Empirical  Cumulative 
Replacements  af  Original  Engines 


Also  shown  in  Fig.  15  are  the  expected  replacement  rates  of  second  and 
third  engines  if  they  perform  like  the  originals.  Under  the  like-original  as¬ 
sumption,  rates  of  fourth  and  higher-order  engines  are  negligible  in  the  0-to- 
80, 000-mile  range. 

Of  special  interest  is  the  rate  at  which  these  replacements  occur  at  par¬ 
ticular  vehicle  ages  (see  Fig.  16).  The  total  rate  levels  off  at  about  55,000 
miles  at  a  value  of  9.4  percent  per  5000  miles— 4.7  times  the  rate  of  2  percent 
when  the  vehicle  was  new.  The  constant  rate  is  called  “equilibrium r  and  is 
expected  to  continue  indefinitely,  provided  only  that  all  engines  have  a  replace¬ 
ment  rate  the  same  as  that  of  the  original  engines. 
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O  20,000  40,000  60,000  30,000 

MILES  SINCE  ISSUE 

Fig.  15 — Projected  Cumulative  Replacements 
of  Engines 

Assumirg  I ike-onginol  performance  of  reploeement  engines. 


Fig.  16 — Projected  Engine  Replacement  Rates 

Assuming  like-original  performance  of  reploeement  engines. 


Transmissions 

Observed  Performance.  The  cumulative  replacements  of  Ml 51  trans¬ 
missions  observed  during  the  study  are  shown  in  Fig.  17.  By  the  end  of  the 
first  19,000  miles  of  vehicle  life  the  total  number  of  transmissions  replaced 
amounted  to  33  percent  of  the  number  of  vehicles,  of  which  25  percent  were 
original  transmissions,  6  percent  were  replaced  for  the  second  time,  and  2 
percent  for  the  third  time.  As  was  the  case  for  engines,  the  replacement  rate 
of  the  original  assemblies  increased.  Eight  percent  were  replaced  in  the  first 
10,000  miles  and  17  percent  in  the  second  10,000  miles. 
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Analysis.  Tin  statistical  curve  fitted  t1'  the  transmission  data  is  shown 
compared  with  the  data  in  Fig.  18.  The  curve  •Original "  in  Fir..  1!)  shows  the 
statistical  curve  essentially  in  its  entirety;  it  constitutes  a  projection  of  the 
replacement  rate  of  original  transmissions.  Transmissions  replaced  accord 
ing  to  such  a  curve  have  a  mean  replacement  ape  of  82.000  miles  and  a  stand¬ 
ard  deviation  of  18.000  miles. 

The  other  curves  in  Fig.  10  are  the  expected  replacement  rates  of  second, 
third,  and  fourth  transmissions  if  all  replacement  transmissions  have  the  same 
performance  as  that  projected  for  the  original  transmissions.  Fifth,  and  higher- 
order  transmission  replacements  tire  negligible  in  the  0-to-80. 000-mile  age 
range  under  the  assumption  of  like-original  performance. 

In  Fig.  20  the  projected  replacement  rates  are  shown  noncunuil.it ively . 

As  with  the  engine,  an  equilibrium  in  the  total  rate  eventually  occurs.  The 
equilibrium  value  of  14.5  percent  pei  5000  miles  is  first  attained  at  about 
30.000  miles,  is  then  exceeded  slightly,  and  is  returned  to  tit  about  50.000 
miles;  from  there  it  will  exist  indefinitely  provided  only  that  each  order  of 
transmissions  has  like-original  performance.  The  equilibrium  rate  is  alxrnt 
five  times  the  initial  rate  of  3  percent  5000  miles. 


Fig.  21 — Projected  Cumulative  Replacements 
of  Engines  ond  Transmissions 


Fig.  22 — Projected  Replacement  Rotes  for 
Engines  and  Transmissions 


Assuming  iike-original  performance 
af  replacement  assemblies. 


Assuming  |ike-ariginal  performance 
of  replacement  assemblies. 
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Engines  and  Transmissions  Combined 

To  show  the  accumulation  of  major  assembly  replacements  according  to 
the  projections  previously  presented.  Fig.  21  lias  been  prepared.  After  an 
early  slow  rate  of  accumulation,  there  is  a  strong  upturn  between  10.000  and 
20,000  miles.  After  20,000  miles  the  accumulation  is  quite  steady.  By  55.000 
miles  the  average  M151  will  have  experienced  two  major  assembly  replace¬ 
ments  if  replacement  assemblies  give  like-original  performance. 

Figure  22  shows  the  rates  noueumulatively.  The  curve  for  the  assemblies 
combined  exhibits  the  same  behavior  as  the  individual  curves:  after  an  early 
rise  the  replacement  rate  becomes  constant.  The  combined  rate  curve  flattens 
at  about  39,000  miles  a‘  a  level  of  23.9  percent  per  5000  miles  and  will  remain 
there  as  long  as  each  replacement  order  of  each  assembly  has  like-original 
performance. 


ACTUAL  PKR KORMANCF  OF  REPLACEMENT  ASSEMBLIES 

In  this  section  the  actual  performance  of  replacement  assemblies  is  dis¬ 
cussed.  It  was  not  possible  from  the  available  data  to  determine  precisely  how 
many  replacement  assemblies  were  new  and  how  many  were  repaired.  However, 
the  early  replacement  engines  observed  were  probably  preponderantly  new  be¬ 
cause  most  of  the  sample  vehicl  *s  were  among  the  earliest  issued  and  the  as¬ 
sembly  repair  pipeline  we  t  not  sufficiently  established  during  much  of  the 
study  period  to  furnish  ignificant  number  of  rebuilt  engines.  Rebuilt  trans¬ 
missions  were  probably  >■  ailable  more  frequently  than  rebuilt  engines  because 
hi)  more  transmissions  were  replaced  and  the  repair  pipeline  could  therefore 
be  filled  more  quickly,  (b)  transmissions  are  simp  assemblies  and  hence 
are  more  easily  repaired,  and  (c)  the  heavier  demand  tor  replacement  trans¬ 
missions  probably  made  “opair  more  urgent. 

Method 

Investigation  of  the  actual  performance  of  Ml 51  replacement  assemblies 
consisted  of  comparing  the  actual  performance  to  the  performance  predicted 
by  two  different  techniques.  The  two  prediction  techniques  are  described  in 
the  following  paragraphs. 

(a)  The  replacement  rate  of  assemblies  was  assumed  to  depend  only  on 
the  miles  of  usage  accumulated  on  the  assembly,  and  the  rate  for  original  as¬ 
semblies  was  assumed  to  apply  identically  to  subsequent  “new”  or  unused  as¬ 
semblies.  This  technique  is  the  like-origiral  technique  of  the  previous  section; 
it  was  expected  to  give  optimistic  predictions  becauLc  it  assumes  that  assembly 
performance  is  not  influenced  by  the  aging  of  its  mechanical  operating  environ¬ 
ment. 

(b)  The  replacement  i  ate  of  assemblies  was  assumed  to  depend  only  on 
vehicle  age  regardless  of  asseml  iy  age  or  order  of  replacement;  the  rate  was 
assumed  to  be  just  the  total  rate  observed  for  each  assembly.  This  technique 
assumes  that  when  a  vehicle  has  gone  10.000  miles  the  probaoility  of  replace¬ 
ment  of  a  given  major  assembly  will  he  the  same  regardless  of  whether  the 
as  /unbly  then  in  the  vehicle  is  the  original  one,  is  a  “new”  replacement  that 
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hits  just  l)C('n  installed,  or  is  a  rebuilt  third  replacement  that  has  been  used 
during  1000  miles  of  vn.iele  operation.  This  tecbni(|iie  was  expected  to  give 
pessimistic  predictions  because  it  assumes  that  the  probability  of  assembly 
replacement  is  not  related  to  the  age  of  the  assembly  itself.  The  prediction 
technique  based  on  t his  assumption  will  lie  called  the  “vehicle-age"  technique. 

The  rates  predicted  by  1  lie  two  techniques  were  then  compared  with  the 
observed  rates  of  replacement  assemblies  shown  on  the  empirical  curves  of 
Figs.  13  and  17. 

Engines 

Two  predictions  of  second-engine  replacement  rates  are  shown  in  Fig.  23: 
one  based  on  the  application  of  the  like-original  technique  and  the  other  on  the 
vehicle-age  technique.  As  expected  the  vehicle-age  technique  is  the  more 
pessimistic  predictor,  forecasting  a  rate  about  double  that  predicted  for  like- 
original  performance. 


wo 


Fig.  23 — Two  Predictions  of  Cumulative 
Replacements  of  Second  Engines 

—  Like-original  teJniiqne 

—  —  —  Vehicle-age  technique 


Fig.  24— -Actual  Cumulative  Replacements  of 
Second  Engines  Compared  with 
Two  Predictions 

Number  of  second  engines 
oust  ■  veu,  66  ui id  icplcccd,  2. 

-  Actual  performance 
—  Like-original  technique 

—  — —  Vehicle-age  technique 


The  actual  performance  is  compared  with  the  two  predictions  in  Fig.  24. 
The  actual  replacement  rate  was  about  three  times  as  high  as  that  predicted 
for  migines  giving  like-original  performance  and  50  percent  higher  than  engines 
assumed  to  fail  according  only  to  vehicle  age. 

Transmissions 

Two  predictions  of  replacement  transmission  performance  are  presented 
in  Fig.  25.  Assuming  like-origi.ial  performance,  cumulative  second  replace¬ 
ments  will  number  1.5  percent  of  the  fleet  by  vehicle  age  19,000  miles:  cumula¬ 
tive  thirds  will  be  essentially  zero.  The  vehicle-age  technique  predicts  4.5 
percent  second  and  0.5  percent  third  replacements. 
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0  5,000  10,000  15,000  20,000 

MILES  SINCE  ISSUE 


Fig.  25 — Two  Predictions  of  Cumulotive 
Replocements  of  Second  ond 
Third  Tronsmissions 

—  L ike-originol  technique 

Vehicle-age  technique 


Fig.  26 — Actuol  Cumulotive  Replocements  of 
Second  and  Third  Tronsmissions 
Composed  with  Two  Predictions 

Number  of  tronsmissions:  seconds  observed, 
116,  reploced,  20;  thirds  observed, 

20,  reploced,  3. 

—  —  Actual  performance 

—  Like-originol  technique 

Vehicle-age  technique 


Figure  26  shows  the  actual  performance  of  second  and  third  transmissions 
compared  with  the  predictions.  For  second  transmissions  the  actual  replace¬ 
ment  rate  (6.4  percent)  is  more  than  four  times  the  rate  predicted  if  replace¬ 
ments  give  like-original  performance  and  nearly  ore  and  one-half  times  the 
rate  based  on  the  vehicle-age  prediction  technique.  In  the  case  of  third- 
transmission  replacements  the  like-original  technique  predicted  essentially 
zero  replacement  but  the  actual  cumulative  rate  of  replacement  at  19,000  miles 
was  1.6  percent.  This  actual  third- transmission  rate  is  three  times  as  high 
as  that  predicted  by  »he  vehicle-age  technique. 

Discussion 

The  significance  of  these  results  depends  in  part  on  the  proportion  of  as¬ 
semblies  that  was  new.  As  was  explained  earlier  in  this  chapter  a  number  of 
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factors  indicate  that  nearly  all  engine  replacements  were  new  or  nonrebuilt  but 
that  a  larger  proportion  of  transmission  replacements  might  have  been  rebuilt 
during  this  period.  If  most  of  the  replacement  assemblies  were  new,  possible 
causes  for  their  le.ss-than-origiual  performance  would  lie  the  inferior  quality 
of  installation  and  the  effects  of  the  aging  vehicle  on  the  functioning  of  a  new 
assembly.  Whatever  the  cause,  the  result  was  lower  reliability  and  increased 
support  requirements. 

It  should  be  noted  that  these  results  are  lust'd  on  scant  data:  the  number 
of  replacement  assemblies  and  the  number  <»f  replacements  were  small.  Hence, 
although  the  results  are  phrased  strongly  and  in  precise  numerical  terms,  they 
are  best  viewed  simply  as  early  indications  of  replacement-assembly  perform¬ 
ance  inferior  to  original-assembly  performance.  Further  observation  would 
be  needed  to  determine  how  inferior  it  will  be  over  20,000  or  30,000  miles  of 
replacement -assembly  life. 


CONCLUSIONS 


Original  engines  have  a  mean  life  of  51,400  miles;  original  transmissions 
have  a  mean  life  of  32,000  miles.  The  standard  deviation  of  each  is  about  one- 
half  the  mean  life:  for  the  engine  28,000  miles,  for  the  transmission  14,000 
miles. 

For  each  assembly,  if  replacement  assemblies  perform  the  same  as  the 
projected  performance  of  original  assemblies,  an  equilibrium  replacement 
rate  about  five  times  the  replacement  rate  on  brand-new  vehicles  will  occur  by 
about  the  mean  life  of  the  assembly.  This  equilibrium  rate  is  just  the  recipro¬ 
cal  of  the  mean  life.  For  engines  the  initial  rate  is  2  percent,/5000  miles;  the 
equilibrium  is  9.4  percent.  For  transmissions  the  initial  rate  is  3  percent; 
the  equilibrium  is  14.5  percent ^5000  miles. 

Equilibrium  for  the  combined  rates  occurs  at  about  39,000  miles,  a  vehicle 
age  approximately  the  weighted  average  of  the  vehicle  ages  at  which  the  indi¬ 
vidual  equilibriums  occur,  taking  as  weights  the  equilibrium  proportion  of  three 
transmission  replacements  to  two  engine  replacements. 

From  the  predictive  point  of  view  the  influence  of  equilibrium  is  striking. 
The  ascent  of  the  replacement  rate  for  the  combined  assemblies  in  the  first 
20,000  miles  of  Ml 51  life  is  expected  to  stop  abruptly  by  40,000  miles  if  replace¬ 
ment  assemblies  perform  like  the  originals. 

Transmissions  failed  at  about  twice  the  rate  of  engines  over  the  period  of 
life  observed. 

Replacement  assemblies  gave  early  performance  markedly  inferior  to 
original  assemblies.  Second-engine  replacements  accumulated  to  2  percent  of 
the  fleet  size  at  about  three  times  the  rate  they  would  have  had  they  performed 
as  well  as  the  originals  did.  Second-transmission  replacements  accumulated  to 
6.5  percent  of  fleet  size  at  four  times  the  rate  they  would  if  they  had  performed 
as  well  as  the  originals.  Third-transmission  replacements  accumulated  to  1.6 
percent  of  fleet  size  over  a  period  during  which  they  would  have  accumulated 
to  less  than  Vin  of  one  percent  had  they  and  second  assemblies  performed  as 
well  as  original  assemblies.  Because  of  the  small  data  base  of  the  replacement- 
assembly  analysis,  these  results  should  be  taken  only  as  early  indicators  and 
not  as  strong  measures  of  replacement-assembly  performance. 
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Chapter  4 

M151  PERFORMANCE 


INTRODUCTION 

In  this  chapter  Ml 51  performance  as  it  varies  with  vehicle  accumulated 
mileage  is  developed  from  the  data  and  then  is  projected  beyond  the  data  into 
mileages  of  relevance  for  determining  vehicle  lifetimes. 


MEASURES  OK  PERFORMANCE 

The  measures  of  performance  used  in  this  analysis  were  vehicle-break¬ 
down  rate,  mean  miles  per  breakdown,  reliability  (the  probability  that  a  vehi¬ 
cle  can  negotiate  some  amount  of  movement  without  breakdown),  availability 
(the  probability  that  when  called  on  to  perform  a  mission  the  vehicle  will  not 
be  out  of  service  because  of  a  breakdown),  and  mission-success  index  (a  com¬ 
bination  of  reliability  and  availability).  The  rate  of  all  unscheduled  mainte¬ 
nance  actions  is  also  presented  as  a  gross  measure  of  performance. 

The  basic  data  here  are  the  breakdown  rate  and  time  out  of  service  per 
breakdown;  given  these,  all  the  primary  measures  can  be  derived.  However, 
these  (wo  basic  data  are  not  explicitly  contained  in  supply  and  maintenance 
data  such  as  the  study  had,  since  the  degree  of  disability  corrected  by  a  mainte¬ 
nance  action  and,  if  the  action  was  taken  at  organizational  level,  the  time  out 
of  service  incurred  are  not  recorded.  Times  out  of  service  at  organizational 
level  were  estimated  in  Chap.  2,  The  purpose  of  this  section  is  to  define 
“breakdown”  in  terms  of  the  available  data  and  to  define  precisely  the  other 
measures  of  performance  employed.  Mathematical  statements  of  the  measures 
are  in  App  A. 

Unscheduled  Maintenance  Event  Rate 

A  fundamental  measure  of  vehicle  performance  i.~,  the  “unscheduled 
maintenance  event  rate."  A  maintenance  event  is  a  response  of  the  support 
system  to  a  vehicle  demand  for  maintenance.  The  events  considered  were  ad¬ 
justments,  repairs,  and  replacements;  all  such  actions  known  to  have  been  per¬ 
formed  on  the  M151’s  studied  were  regarded  as  unscheduled  (i.e. ,  they  were 
taken  in  response  to  the  condition  of  the  equipment,  not  the  date  or  the  mileage). 
Such  events  represent  incidents  of  actual  or  anticipated  vehicle  deficiency. 
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TABLli  15 


M151  Lime  Mobility  Parts 


System  and  nomenclature 

FSN 

1  ov.er  ;iixl  pi opinion 
(Unit  li 

P.nh  kit 

27>  20-887- n.">:t 

l)i  s< 

27,20-678-1!  1! 

i*'.it. 

27)20-678- 11 16 

I  linisl  hearing 

.11 

Thrust  hearing 

11  IO-l7>8-6!<>(, 

Diff.-rrntiiil 

niO-i.TR-l  un 

Kngint 

2H0V-O78-  1820 

Prop  sii.ift 

I*  ron| 

2.-,20-678-:t072 

Hear 

27>20-o78-:t07:l 

transmission 

2.->20-07.i- 18011 

Kloi  trii  ai 

Hat  ten 

oi  l0-(r,7-2.v>:i 

Hell  -  generator 

aoao-oa  i-  i  wo 

(.oil 

ii'i.'o-.iJMiri 

Distrihuloi 

2920-678- 1  .lo<: 

(»enorutor 

2920-8I  1-07, 7,6 
2920.7:1:, -:,7.io 
2020-7:17-  r.  r>o 

Mogul  at  or.  general  >r 

2920-:i:l.r>-  1677 
2920-i:r,-  toTtl 

2920-')  10-0  176 
2920-697, -6.1 17, 

Npurk  |>lup 

2920-6:12-1088 

29  JO- 77)2-  127>8 
r*9:i.>8.ir>-772 1 

St  an  or 

2920-678-187)0 

r.id 

Carburetor 

2.120-678- i:ir, 9 
2910-678-187,7 

Fuel  pump 

2910-678- 18."6 

Suspension 

Hearing,  wheel 

2.r>:to-887-i:ui 
.11 10-678-186.1 

Hrake  cylinder 

2.r>:f0-678-:t077 

Suspension  arm 

27>:l0-678-:il  18 

lire 

261 0-678- 1 716:* 

Cooling 

Radiator 

2920-678-12:12 

Water  pump 

29.10-678-1819 

Prime  Mobility  Parts 

A  measure  of  vehicle  breakdown  was  developed  by  counting  as  a  break¬ 
down  the  replacement  of  any  of  the  several  prime  mobility  parts  listed  in 
Table  15.  More  precisely,  the  replacement  of  any  prime  mobility  part  was 
considered  to  represent  a  significant  vehicle  impairment.  The  meaning  of 
the  list  and  the  rationale  behind  its  constructs  n  are  more  fully  explained  in 
the  following  paragraphs. 
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(a)  Only  replacement  actions  were  considered  because  they  were  resided 
as  representing  vehicle  disabilities  that  were  usually  more  serious  than  those 
corrected  by  adjustments  and  repairs. 

(b)  Nomenclature  of  a  part  was  taken  as  the  basic  identifier  because 
many  parts  were  represented  by  more  than  one  FSN.  Further,  although  the 
FSN  of  the  replacement  part  was  usually  known,  the  FSN  of  the  one  replaced 
usually  was  not.  The  latter  condition  prevented  the  computation  of  separate 
replacement  rates  for  individual  FSNs. 

(c)  To  be  included  on  the  list,  a  part  had  both  to  be  deemed  important  to 
reliability  and  availability  and  to  have  experienced  a  number  of  replacements 
in  the  vehicle  sample  observed. 

(d)  Although  some  of  the  observed  replacements  of  these  parts  were  un¬ 
doubtedly  made  in  anticipation  rather  than  in  correction  of  failure,  all  replace¬ 
ments  were  included  in  the  determination  of  reliability  and  availability.  This 
was  done  on  the  assumption  that  the  parts  thus  replaced  probably  would  have 
failed  soon  had  they  not  been  replaced. 

(e)  Although  a  number  of  occasions  are  known  in  which  replacements  of 
more  than  one  part  occurred  simultaneously  on  the  same  vehicle,  the  replace¬ 
ments  on  such  occasions  were  counted  as  separate  events.  This  was  done  on 
the  assumption  that  some  parts  were  replaced  preventively  because  the  vehicle 
was  already  in  the  shop  for  a  failed  part  and  it  was  convenient  to  do  both  at 
once.  In  such  cases  the  replaced  part  would  probably  have  failed  soon  and 
generated  a  replacement  event  on  its  own  account.  Counting  these  replacements 
as  separate  events  probably  understates  the  actual  vehicle  reliability;  however, 
this  effect  was  at  least  partially  offset  by  doing  the  opposite  for  the  replace¬ 
ment  of  several  of  the  same  parts  in  a  single  action.  For  example,  the  simul¬ 
taneous  replacement  of  two  tires  was  counted  as  one  replacement  event  even 
though  two  disabilities  were  probably  corrected— a  present  one  and  a  potential 
near-future  one.  An  exception  to  the  procedures  described  here  was  made  in 
the  case  of  clutch  parts.  Simultaneous  replacement  of  clutch  disc,  plate,  and 
thrust  bear  ing  was  regarded  as  a  single  event.  In  this  chapter  the  terms  “re¬ 
placement  job"  and  “replacement  act  ion r  are  used  to  refer  to  the  replacement 
of  several  parts  of  the  same  kind;  the  term  “replacement”  refers  to  the  re¬ 
placement  of  an  individual  part. 

Hard-Core  Prime  Mobility  Parts 

To  lend  perspective  to  the  definition  of  breakdown  just  given,  a  second 
list,  called  the  hard-core  prime  mobility  parts,  was  formed  by  eliminating 
certain  parts  from  Table  1  f>.  Included  were  parts  .hat  (a)  usually  do  not  have 
to  be  replaced  to  permit  the  vehicle  to  complete  its  movement  (e.g.,  spark 
plugs,  battery,  and  starter);  (b)  usually  ran  be  replaced  in  a  short  time  (e.g., 
tire  and  fan  belt);  and  (c)  are  usually  replaced  anticipatively  when  partial  de¬ 
terioration  is  evident  (e.g.,  battery,  spark  plugs,  distributors,  carburetor,  coil, 
and  master  cylinder). 

This  hard  core  consists  of  10  items  which  were  found  to  account  for  46 
percent  of  the  prime- mobility-parts  replacement  jobs  observed.  As  the  name 
suggests,  “breakdowns"  defined  by  ttiis  lisi  of  parts  were  considered  "harder,” 
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i.e.,  more  serious,  more  literally  breakdowns  m  vehicle  operability.  This 
hard-core  prime  mobility  parts  list  includes  the  following: 

Engine 

Transmission 
Clutch 
Differential 
Rear  prop  shaft 
Fuel  pump 
Radiator 
Water  pump 
Suspension  arm 
Wheel  bearing 

Vehicle-Breakdown  Rate 

A  meaningful  measure  of  vehicle-breakdo  \r.  rate  was  regarded  as  being 
somewhere  between  the  sum  of  the  replacement  action  rates  of  all  the  prime 
mobility  parts  and  the  sum  of  the  replacement  action  rates  of  the  hard-core 
parts  In  the  remainder  of  this  memorandum,  whenever  breakdown  rate  and 
measures  based  on  it  are  portrayed,  they  are  shown  as  bands  rather  than  lines; 
the  upper  and  lower  boundaries  of  the  bands  tire  determined  by  the  full  list  and 
hard-core  list. 

The  hard-core  list  was  regarded  as  the  truer  measure  of  incidents  of 
actual  inoperability  and  the  full  list  as  the  truer  measure  of  incidents  of  signifi¬ 
cant  impairments,  including  incidents  of  inoperability. 

Mean  Mileage  per  Vehicle  Breakdown 

This  measure  is  the  reciprocal  of  the  vehicle-breakdown  rate.  It  is  the 
mean  vehicle  usage  that  generates  one  vehicle  breakdown. 


Availability 

Availability  is  the  probability  that  a  vehicle  is  not  broken  down.  It  is  a 
measure  of  vehicle  and  support-system  performance  combined.  Vehicle  avail¬ 
ability  depends  on  (a)  how  frequently  vehicles  fail  and  (b)  how  long  the  support 
system  requires  to  restore  a  failed  vehicle  to  serviceability. 

The  availability  measure  used  in  this  study  is  called  “availability  potential” 
for  reasons  set  forth  in  App  A.  The  full  list  and  the  hard-core  replacement 
rates  were  used  to  determine  the  lower  and  upper  boundaries  of  a  band  of  avail¬ 
ability  potential. 


Reliability 

The  term  "reliability”  is  used  in  this  study  to  mean  the  probability  that 
some  mission  will  be  accomplished  successfully.  “Mission”  was  defined  to  be 
500  miles  of  operation  and  “success”  was  defined  in  two  ways:  (a)  without  re¬ 
quiring  the  replacement  of  a  prime  mobility  part  and  (b)  without  requiring  the 
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replacement  ot  a  hard-core  prime  mobility  part.  Reliability  based  on  the  hard- 
•.  i.i’i  parts  is  t he  upper  boundary  and  that  based  on  the  full  list  is  the  lower 
boundary  of  the  band  of  reliability  derived. 

Mission- Success  Index 

The  miss  ion- success  index  is  a  measure  of  availability  and  reliability 
combined  and  is  calculated  as  the  product  of  availability  potential  and  reliability. 
It  is  tlu'  probability  that  a  vehicle  will  be  able  both  to  start  and  to  successfully 
finish  a  randomly  demanded  500-mile  movement. 


C ) HS E H V K l)  P  K It  10 RMANCK 

All  Unscheduled  Maintenance  Actions 

Figure  27a  shows  the  upward  trend  of  the  rate  of  occurrence  of  all  un¬ 
scheduled  maintenance  actions  as  accumulated  vehicle  mileage  increases.  The 
curves  for  each  type  of  action  show  clearly  that  this  upward  trend  is  attributable 
to  replacement  actions  only;  the  rates  of  adjustment  and  repair  are  relatively 
constant.  The  adjustment  rate  averages  0.2  adjustments  per  10J0  vehicle 
miles,  about  double  the  repair  rate.  The  replacement  rate  begins  at  0.5  re¬ 
placement  actions  per  1000  vehicle  miles  (about  63  percent  of  the  rate  for  all 
actions)  and  increases  to  1.6  replacement  actions  per  1000  vehicle  miles  at 
18.000  miles  (about  80  percent  of  the  rate  for  all  actions  and  about  triple  its 
initial  value  of  0,5).  The  peak  around  10,000  miles  was  caused  by  coincidental 
replacement  of  various  electrical,  suspension,  and  cooling-system  components. 


Fij.  27  —  Rate  of  Occurrence  of  Unscheduled  Maintenance  Actions 


Aly>ut  91  percent  of  the  maintenance  actions  occurred  at  second  echelon 
and  the  remainder  at  third  (see  Fig.  27b).  This  ratio  remains  fairly  constant 
in  vehicle  age. 

The  analysis  of  action  types  for  third  and  second  echelon  shown  in  Figs. 

28  and  29  demonstrates  that  in  both  echelons  increases  in  the  total  action  rate 
are  due  primarily  to  increases  in  replacement  actions  and  that  the  rates  of 
repair  and  adjustment  were  relatively  constant.  The  proportion  of  replacement 
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actions  to  the  total  number  of  actions  was  slightly  larger  at  third  echelon  than 
at  second,  averaging  80  percent  compared  with  75  percent.  Also  the  ratio  of 
repairs  to  adjustments  differed:  at  second  echelon  there  wt  rt  two  adjustments 
for  each  repair,  at  third  echelon  there  were  three. 


Fig.  28— Rate  af  Occurrence  af  Third-Echelon 
Unscheduled  Maintenance  Actions,  by  Type 

1 —  Alt  —  —  — •  Replacements 

—  ■—  Repairs  ------  Adjustments 


Fig.  29 — Rate  of  Occurrence  of  Second-Echelon 
Unscheduled  Maintenance  Actions,  by  Type 

—  All  —  —  Replacements 

— —  •  —  Repairs  - — -  Adjustments 


Vehicle-Breakdown  Rate 

The  vehicle-breakdown  rate  is  shown  as  a  band  in  Fig.  30  The  upper 
boundary  of  the  band  is  the  sum  of  replacement- job  rates  for  prime  mobility 
parts.  The  lower  boundary  is  the  sum  of  replacement-job  rates  for  the  hard¬ 
core  prime  mobility  parts.  The  band  slopes  upward  with  increasing  vehicle 
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age.  The  relatively  constant  width  of  the  hand  indicates  that  the  tendency  to 
increase  comes  primarily  from  the  hard  core;  the  remainder  of  t hi'  prime  mo¬ 
bility  parts  apparently  have  a  relatively  constant  replacement  job  rate  over  the 
first  20.000  miles  o!  vehicle  life, 


MILES  since  issue 


Fig.  30— Observed  Breakdown  Rate: 
Replacement  Rote  of  Prime 
Mobility  Ports 


Hard-core  replacement  jobs  begin  at  a  rate  of  about  5  per  100  vehicles 
during  the  first  1000  miles.  By  age  20,000  miles  this  number  has  increased 
to  about  18  per  100,  or  3.6  times  the  earlier  rate. 

The  full-list  rate  starts  at  about  15  jobs  per  100  vehicles  during  the  first 
1000  miles  of  movement.  By  age  20,000  miles  it  has  reached  a  level  of  about 
32,  a  little  more  than  double  its  initial  value. 

A  line  through  the  middle  of  the  band  would  start  at  10  jobs  per  100  vehi¬ 
cles  and  reach  25  by  20,000  miles,  indicating  a  growth  of  2 '/2  times  in  the 
Ml 51  breakdown  rate. 

Mean  Mileage  per  Vehicle  Breakdown 

As  shown  by  the  band  in  Fig.  31.  the  mean  miles  per  vehicle  breakdown 
decline  rapidly  in  the  first  10,000  miles  of  vehicle  life,  then  decline  more 
slowly.  The  sharp  dip  at  10,000  miles  exaggerates  this  appearance.  The 
initial  range  is  between  8000  and  16,000  miles  per  breakdown;  by  20,000  miles 
this  has  dropped  to  between  3b00  and  6000  miles  per  breakdown. 

Availability  Potential 

The  “observed  availability  potential”  shown  in  Fig.  32  was  formed  from 
the  empirical  replacement  rates  shown  in  Fig.  30  and  the  mean  downtimes  per 
replacement  presented  tti  Chap.  2.  The  hand  bounded  by  availability  potentials 
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Fig  32 — Observed  Availability  Potential  as 
Function  of  Vehicle  Age 
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based  on  the  hard-core  and  full  lists  of  the  prime  mobility  parts  is  very  narrow 
and  diminishes  to  a  line  beyond  16,000  miles. 

The  availability  potential  declines  slightly  over  the  first  20,000  miles  of 
M151  life  from  an  initial  value  of  between  0.98  and  0.99  to  about  0.97,  about  a 
1-percent  change. 

Reliability 

The  observed  reliability  is  shown  as  i  band  in  Fig.  33;  it  was  derived 
directly  from  the  empirical  breakdown  rates  of  Fig.  30.  The  hard-core  reli¬ 
ability  was  about  0.97  when  the  vehicles  we  re  new  and  dropped  to  about  0.92 
during  their  first  20,000  miles  of  life  (a  drop  of  about  5  percent);  the  full-list 
reliability  fell  from  about  0.93  to  about  0.86  (a  decrease  of  about  8  percent) 
over  the  same  period.  Using  the  midline  to  summarize,  reliability  is  re¬ 
garded  as  having  been  about  0.95  when  the  vehicles  were  issued  new  and 
having  droppec  6  to  7  percent  to  0.89  durir.g  the  first  20.000  miles  of  life. 
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Fig.  33 — Observed  Reliability  as  a 
Function  of  Vehicle  Age 

(Mission:  500  miles) 


Fig.  34 — Observed  Mission-Success  Index 
as  a  Function  of  Vehicle  Age 

(Use  rote.  550  mile  s/month;  Mission  500miles) 


These  figures  mean  that  when  the  M151’s  are  new,  an  average  of  3  per¬ 
cent  will  be  unable  to  complete  a  500- mile  movement  because  of  a  major  fail¬ 
ure  and  7  percent  are  expected  to  experience  at  least  a  significant  impairment. 
M151’s  of  age  20,000  miles  are  expected  to  experience  more  than  twice  as 
many  difficulties,  i.e.,  8  percent  would  be  disabled  and  a  total  of  14  percent 
would  experience  at  least  significant  impairment. 
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Mission-Success  Index 

The  observed  mission-success  index  is  simply  the  product  of  the  observed 
availability  potential  and  the  observed  reliability  (see  Fig.  34).  This  success 
index  is  0.97  for  a  new  M151  if  only  hard-core  parts  arc  considered;  the  index 
has  decreased  to  approximately  0.90  by  20.000  miles.  If  the  full  list  of  prime 
mobility  parts  is  considered  (he  probability  is  0.93  at  new  issue  and  about 
0.84  at  20,000  miles. 

In  other  words,  for  new  vehicles  the  percent  unable  to  start  and  complete 
a  500-mile  march  ranged  between  3  and  7;  this  incapacity  more  than  doubled 
during  the  first  20,000  miles  of  1VI151  life  to  between  10  and  16  percent. 

Conclusions 

Most  of  the  results  reported  in  this  section  were  derived  from  two  sets 
of  basic  information:  the  rate  of  occurrence  of  maintenance  events  and  the 
time  out  of  service  per  event.  The  implications  of  these  two  were  expressed 
as  measures  of  reliability,  availability,  and  mission  success.  Vehicle  failure, 
unavailability,  and  unreliability  double  in  the  first  29  ""O  miles  of  life. 


PROJECTED  PERFORMANCE 

Critical  to  the  determination  of  M151  lifetimes  was  the  projection  of  M151 
performance  into  ages  considerably  beyond  the  greatest  age  at  which  any  ve¬ 
hicles  were  observed  during  the  course  of  the  study. 

Two  sets  of  projections  were  made.  One  was  based  on  the  assumption 
that  replacement  parts  would  have  the  same  life  as  that  indicated  by  the  data 
for  the  parts  in  the  vehicle  at  time  of  issue.  This  set  of  projections  was 
termed  “like-original.”  A  second  set  of  “degraded”  projections  was  also  made 
because  (a)  it  has  long  oeen  Army  practice  to  repair  parts  that  have  consider¬ 
able  residual  value,  (b)  there  is  evidence3’ that  such  repaired  and  rebuilt 
parts  do  not  perform  as  well  as  the  original  parts,  and  (c)  there  are  also 
indications5  including  findings  in  Chap.  3  of  this  memorandum  that  even  unused 
or  “new”  replacement  parts  do  not  perform  as  well  as  original  parts.  The 
conclusions  of  the  study  are  based  on  the  degraded  projections  and  so  they  are 
presented  in  this  chapter.  An  exception  is  the  breakdown  rate,  of  which  both 
the  like-original  and  the  degraded  projections  are  shown  to  indicate  how  much 
they  differ.  For  reference,  the  like-original  projections  of  the  other  measures 
of  performance  are  presented  in  App  A. 

Equilibrium 

The  projections  made  in  this  study  relied  heavily  tn  the  idea  that  the 
vehicle-breakdown  rate  eventually  achieves  something  close  to  an  equilibrium, 
i.e.,  that  it  eventually  levels  off  at  a  constant  rate,  with  a  resultant  leveling 
off  of  vehicle  reliability  and  availability. 

A  formal  mathematical  discussion  of  the  concept  of  equilibrium  as  it 
applies  to  failure  of  complex  equipment  is  contained  in  “The  Failure  Law  of 
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Complex  Equipmen  Appendix  A  contains  a  detailed  discussion  of  the  de¬ 
termination  of  equilibrium  for  the  Ml 51  and  the  significance  of  this  equilibrium 
in  the  projection  of  vehicle-breakdown  rates.  The  figures  and  discussion  in¬ 
cluded  in  this  chapter  are  based  on  this  long-range  analysis,  but  attention  is 
concentrated  on  the  portion  of  vehicle  life  that  is  pertinent  to  the  determination 
of  effective  lifetime. 

Projections  of  Veh i cle-Bre akdown  Rate 

Vehicle -breakdown  rate  is  used  here  synonymously  with  the  prime-mobility- 
parts  replacement  rate,  as  discussed  earlier  in  this  chapter.  Figure  35  shows 
projections  of  replacement  rates  for  the  full  list  of  prime  mobility  parts  and 
also  for  the  hard-core  parts  alone.  Figure  36  shows  these  same  two  projections 
adjusted  to  reflect  the  expected  degraded  performance  of  replacement  part  >  as 
shown  in  the  shaded  portion  of  the  figure.  The  figure  shows  that  the  breakdown 
rate  increases  steadily  between  0  and  50.000  miles  to  a  level  approximately 
quadruple  the  rate  at  vehicle  issue. 


Fig.  35 — Projection  of  Breokdown  Rote: 
Replacement-Job  Rote  of  Prime 
Mobility  Ports 

•  Observed  rate  tor  all  prime  mobility  parts 
x  Observed  rote  far  horo  care  prime  mobility  parts 


0I - 1 - 1 - 1 - 1 

0  20,000  40,000  60,000  80,000 


MILES  SINCE  ISSUE 

Fig.  36 — Two  Projections  of  Breokdown 
Rote  Comporing  Li ke-Origi nol  ond 
Degrooed  Performance 

EH  Degraded 

Like  ariginol 


Mean  Miles  per  Breakdown 

The  degraded  proiection  of  this  performance  measure  is  presented  in 
Fig.  37.  In  early  life  this  measure  declines  rapidly.  For  new  vehicles  more 
than  14,000  vehicle-miles  are  required  on  the  average  to  generate  one  hard¬ 
core  part  breakdown;  approximately  7000  vehicle-miles  on  the  average  are  re¬ 
quired  to  generate  one  breakdown  based  on  the  full  list  of  prime  mobility  parts. 
For  vehicles  20.000  miles  old,  these  figures  are  more  than  halved.  By  50,000 
miles  the  descent  has  slowed  considerably;  at  that  point  the  projection  lies 
between  1800  and  3600  miles  per  breakdown. 
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Fig.  37— Projected  Meon  Miles  per  Vehicle  Breokdown 


Availability  Potential 

Figure  38  shows  the  degraded  projection  of  availability  potential.  The 
breakdown  rates  were  obtained  from  Fig.  36  and  the  downtimes  per  breakdown 
from  Table  14. 

The  availability  potential  declines  from  an  initial  value  of  about  0.99  to 
about  0.96  at  50,000  miles. 

Considering  unavailability,  the  number  of  downed  vehicles  is  1  percent 
when  the  fleet  is  new,  about  2%  to  3  percent  at  20,000  miles,  and  4  percent  at 
50,000  miles.  As  noted  earlier,  the  availability  potential  bands  are  narrow 
because  the  hard-core  parts  account  for  most  of  the  downtime  and  because  the 
availability  rate  is  generally  high. 

Reliability 

The  projected  breakdown  rates  in  Fig,  36  were  used  to  determine  the  pro¬ 
jections  of  the  reliability  shown  in  Fig,  39.  The  reliability  changes  are  similar 
to  those  in  the  other  performance  measures  shown,  deteriorating  rapidly  for 
50,000  miles  and  then  more  slowly.  The  reliability  of  new  vehicles  lies  be¬ 
tween  0.92  and  0.98.  By  50,000  miles  it  has  declined  to  between  0.75  and  0.87. 
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Fig.  38 — Projection  of  Avoilability  Potential 
Use  rate  550  miles  'month. 


Fig.  39 — Projection  of  Reliability 
Mission;  500  miles. 


Fig.  40 — Projection  of  Mission  Success  Index 
Use  rate:  550  miles/month;  m.ssion:  500  miles. 
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Those'  changes  moan  that  an  average  of  2  poroont  of  now  vohiclos  will  not 
ho  ablo  to  oumploto  a  500-milo  march  without  a  breakdown  of  ono  of  tho  hard- 
ooro  parts  and  8  poroont  will  oxporienoo  a  breakdown  of  ono  of  the  parts  in  the 
full  list.  By  20,000  miles  these  figures  have  increased  to  9  percent  and  16  per¬ 
cent  and  by  50,000  miles  to  13  and  25  percent.  Those  represent  a  doubling  of 
failure  by  20.000  miles  and  a  quadrupling  by  50.000  miles. 

Mission-Success  Index 

Projections  of  availability  potential  and  reliability  are  combined  to  yield 
the  projections  of  the  mission-success  index  shown  in  Fig.  40  Changes  in  the 
miss  ion- success  index  are  dominated  by  and  closely  resemble  the  changes  in 
reliability.  The  mission-success  index  declines  18  percent  by  50  000  miles. 


Fig.  41 — Projection  of  Mission  Foilure 
X///X  Dropouts  FT~*1  Nonstorters 


Figure  41  shows  the  percentage  of  vehicles  unable  to  rurnish  5000  miles 
of  movement  either  because  they  would  be  unable  to  start  or  because  they  could 
start  but  would  be  unable  to  finish  because  of  need  to  replace  prime  mobility 
parts. 

The  full-list  performance  shown  in  Fig.  41a  is  characterized  by  a  non¬ 
starter  rate  of  l‘4  percent  for  new  vehicles  and  a  dropout  rate  of  8  percent 
for  a  total  of  9l/:  percent.  The  total  has  more  than  doubled  by  20,000  miles  and 
nearly  triples  to  28  percent  at  50,000  miles.  Throughout  the  projection  the  non¬ 
starters  account  for  approximately  one-sixth  of  those  unable  to  complete  the 
mission. 

Figure  41b  shows  that  the  percentage  of  nonstarters  and  dropouts  caused 
by  replacement  of  hard-core  mobility  parts  begins  at  4  percent,  a  percentage 
that  doubles  by  .10,000  miles,  triples  by  25,000  miles,  and  quadruples  by  50,000 
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miles.  Of  the  total  vehicles  unable  to  complete  a  mission  owing  to  hard-core 
breakdowns,  about  one-fourth  are  unavailable  at  the  beginning  of  the  mission 
and  three-fourths  break  down  after  a  successful  start. 


CONCLUSIONS 

Various  measures  of  vehicle  performance  at  several  mileage  (joints  are 
summarized  in  Tables  16  and  17.  Table  16  shows  that  the  rate  of  breakdown 
of  the  full  list  of  prime  mobility  parts  more  than  doubles  between  0  and  20,000 
miles  and  quadruples  by  50,000  miles.  The  mission-success  index  declines 
from  0.926  at  issue  to  0.712  at  50,000  miles,  a  reduce  ,m  of  23  percent.  These 
measures  mean  that  for  a  fleet  of  100  vehicles,  breakdowns  per  1000  miles  in¬ 
crease  from  14  at  issue  to  60  at  50,000  miles,  and  that  the  total  number  of  non¬ 
finishers  on  500-mile  missions  increases  from  7  at  issue  to  29  at  50,000  miles. 


TABLE  17 


Degroded  Projection  of  Performance  Deterioration  with  Age  in 
Number  of  Vehicles  Affected 


Vehicles  per  hundred  unable  to  successfully 

Age, 

miles 

Breokdowns 

provide  o  500-mile  movement 

per  100  vehicles0 

Nonstorters  ^ 

_ 1 

Dropouts 

i _ 

Totol  nonfinishersc 

Hord-core 

Full 

Hord-core 

Full 

Hord-core 

Full 

Hord-core  I 

Full 

list 

list 

list 

list 

list 

list 

list 

list 

0 

6 

It 

0 

i 

8 

: 

l 

7 

20.000 

18 

88 

2 

a 

9 

17 

11 

20 

50.000 

28 

60 

t 

5 

18 

25 

16 

29 

75.000 

.11 

66 

t 

5 

It 

28 

18 

82 

''I’cr  1000  milt's  of  fleet  movement. 

1 1  se  rate:  500  miles  month:  mission:  500  m.'es. 

Hquals  nonstarters  t  dropouts  t  I:  discrepancies  are  due  to  rounding. 
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Chapter  5 

Ml 51  MAINTENANCE  COSTS 


INTRODUCTION 

Maintenance  cost  is  the  price  of  keeping  equipment  operable;  it  is  incurred 
when  the  support  system  corrects  or  prevents  vehicle  deficiencies.  The  mag¬ 
nitude  depends  on  inherent  characterise  c  of  both  the  vehicle  and  the  support 
system.  Thus  the  results  of  this  chapter  represent  a  synthesis  of  the  results 
of  Chaps.  2  and  4. 

A  main  purpose  of  this  chapter  is  to  present  the  effects  of  age  on  Ml 51 
maintenance  costs  and  to  project  such  costs  to  ages  relevant  to  the  determina¬ 
tion  of  Ml 51  effective  lifetime.  Both  maintenance  man-hours  consumption  and 
dollar  costs  are  discussed.  As  in  Chap.  2.  only  unscheduled  maintenance 
actions  are  treated. 


OBSERVED  COSTS 
Method 

Maintenance  costs  as  a  function  of  Ml 51  age  were  derived  in  terms  of 
man-hours,  cost  of  man-hours,  cost  of  parts  replaced,  and  a  summary  cost  in¬ 
cluding  cost  of  man-hours,  parts,  and  SSI.  Each  of  these  costs  was  derived  by 
multiplying  the  appropriate  cost  per  maintenance  action  presented  in  Chap.  2 
by  the  maintenance  event  rates  presented  as  a  function  of  vehicle  age  in  Chap. 

4.  Costs  for  organizational  and  direct-support  echelons  were  obtained  by 
summing  up  for  each  echelon  the  costs  of  the  three  types  of  maintenance 
actions  (i.e.,  adjustment,  repair,  and  replacement  tor  each  echelon).  Costs  of 
prime  mobility  parts  were  derived  by  multiplying  the  replacement  rate  for 
each  item  (presented  in  App  B)  by  the  price  of  the  item  and  summing  the  costs 
of  the  parts  for  each  age  interval.  Separate  costs  of  engines,  transmissions, 
and  tires  were  derived  in  the  same  way. 

Parts 

The  costs  of  parts  replaced  averaged  $1.06  per  100  vehicle-miles  of  opera¬ 
tion  in  the  first  19,000  miles  of  vehicle  life.  Parts  replaced  were  costed  ?.t 
list  price!7-lq  except  DX  items,  which  were  costed  at  30  percent  of  list  price. 
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Transmissions,  tiros,  and  engines  accounted  for  28  percent  of  the  total  parts 
costs.  Table  18  shows  average  parts  costs  for  the  first  19,000  miles. 


TABLE  18 

Average  Cost  o(  Ports  Replaced  for  the  First 
19,000  Miles  of  M151  Life0 


Port 

Cost,  dollors 
pei  100  miles 

Percent  of  totol 

Knfcint' 

«.»: 

: 

1  r.iiiMnisMon 

0.IH 

17 

Tiros 

0.0 1 

1 

Olhrr 

0.77 

*•> 

Tnt.ll 

1.06 

100 

,ll)\  1 1 111b  costr'l  al  TO  |»rri  rnl  of  list  price. 


As  shown  in  Fig.  42.  the  cost  of  parts  increased  with  age;  the  cost  of  fl.54 
per  100  miles  in  the  age  interval  15T00  to  20.000  miles  is  2V2  times  that  of 
J  0.59  per  100  miles  during  the  first  )000  miles  of  life.  This  figure  also  shows 
that  the  cost  of  the  individual  parts  also  increased  as  the  vehicle  aged,  another 
evidence  of  their  increasing  failure  frequencies  during  early  vehicle  aging. 

Cost  of  parts  replaced  are  shown  by  echelon  in  Fig.  43.  Over  the  first 
19,000  miles  parts  installed  at  third  echelon  accounted  for  33  percent  of  the 
cost  of  all  parts  replaced.  For  the  first  15,000  miles  this  proportion  was 
constant  at  about  30  percent  but  increased  to  40  percent  in  the  15.000-  to 
20.000-mile  interval. 


MILES  SINCE  ISSUE 


Fig.  42 — Cost  of  Parts  Reploced  as 
0  Function  of  Vehicle  Age 

DX  items  costed  or  30^  of  list  price. 
V//A  Engine  l7\N\l  Tires 

tea  Tronsmission  flsisll  Other 


Fig.  43— Cost  of  Ports  Reploced,  by  Echelon, 
os  o  Function  of  Vehicle  Age 

DX  items  costed  ot  3(To  of  list  price. 
tv-Cxf  3d  echelon  (direct  support) 

1  ‘7*71  2d  echelo.i  (orgonnotionol) 


Labor 

Man-Hours.  Over  the  first  19,000  miles  of  Ml 51  life  direct-maintenance 
man-hours  for  unscheduled  adjustments,  repairs,  and  replacements  were  con¬ 
sumed  at  the  rate  of  0.23  man-hours/100  vehicle-miles— 0.17  of  them  at  second 
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eohelor  and  0.08  at  third  echelon  (see  Fig.  44a).  Thus,  an  aveiage  of  1  second 
echelon  man-hour  was  being  consumed  every  588  miles,  1  third-echelon  man¬ 
hour  every  1670  miles.  Man-hour  consumption  changed  as  the  vehicle  aged, 
increasing  steadily  from  0.16  man-hours  per  lOOmwes  mthefirst  5000  miles  of 


life  to  0.31-  about  double  its  early  value 
interval. 


in  the  15,000-  to  20,000-mile  age 


Fig.  44— Lobor  Consumed  os  o  Function  of  Vehicle  Age 

KSSSH  3d  echelon  (direct  support)  2d  echelon  (organiiotianol) 


Figure  44b  shows  maintenance  man-hour  consumption  when  the  values 
plotted  in  Fig.  44a  are  inflated  by  15  percent  to  account  for  supervisory  mainte¬ 
nance  man-hours  (see  Chap.  2).  Duringthe  first  19,000  miles  of  M151  life  direct- 
and  supervisory- maintenance  man-hours  for  unscheduled  adjustments,  repairs, 
and  replacements  were  consumed  at  the  mean  rate  of  0.26  man-hours  per  100 
vehicle- miles— 0.20  of  them  at  second  echelon  and  0.07  at  third.  An  average 
of  1  second-echelon  man-hour  was  being  consumed  every  500  miles  and  1  third- 
echelon  man-hour  every  1430  miles.  Man-hour  consumption  changed  as  the 
vehicle  aged,  increasing  steadily  from  0.18  man-hours  per  100  miles  in  the  first 
5000  miles  of  life  to  0.36— double  its  early  value— in  the  15,000-  to  20,000-mile 
age  interval. 

The  hours  were  distributed  between  second  and  third  echelons  in  the 
approximate  ratio  of  3  to  1.  The  ratio  was  constant  at  about  3V2  to  1  in  the 
first  15,000  miles,  then  dipped  to  2  to  1  in  the  last  5000  miles  observed. 

Costs.  Costs  of  direct  and  supervisory  labor  are  shown  in  Fig.  45.  They 
double  from  10.36  per  100  miles  in  the  first  5000  miles  of  life  to  10.72  per  100 
miles  between  15,000  and  20,000  miles.  Their  mean  for  the  first  19,000  miles 
was  10.51  per  100  miles,  of  which  10.37  (73  percent)  was  second-echelon  labor. 

All  Maintenance  Costs 

The  costs  of  unscheduled  maintenance  performed  during  the  first  19,000 
miles  of  Ml 51  life  are  shown  in  Fig.  46  in  four  categories:  prime  mobility 
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Fig.  45— Cost  of  Direct-  ond  Supervisory-Mointenance 
Lobor  as  o  Function  of  Vehicle  Age 

3d  echelon  (direct  support) 
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Fig.  46 — Observed  Costs  of  Unscheduled 
Mointenance  os  o  Function  of  Vehicle  Age 

V77A  ssi 

Directional  supervisory  lobar 


Parts  (DX  items  ot  30  percent  of 
list  price) 

Y///X  Prime  mobility  ports  (DX  items  at  30 
percent  af  list  price) 


RAC-T-479 


59 


FOR  OFFICIAL  USE  ONLY 


FOR  OFFICIAL  USE  ONLY 


60 


TABLE  19 


Meon  Cost  of  Ports,  Lobor,  ond  SSI  Observed 
over  the  First  20,000  Miles  of  M151  Life 


Category 

Mean  cost,  dollars 
per  100  miles 

Percent  of  total 

Prime  mobility  parts8 

0.38 

if 

All  parts8 

1.06 

26 

Direct  and  supervisory  labor 

0.31 

13 

SSI 

2.81 

61 

Total 

i.08 

100 

aD\  items  costed  <tt  30  perrert  of  list  price. 


Fig.  47 — Projected  Mointenonee  Costs 
•  Observed  costs 
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parts,  other  parts,  labor  (direct  and  supervisory),  and  SSI.  Table  19  shows 
for  each  category  the  mean  over  the  first  20.000  miles  of  M151  life  and  the 
percentage  of  the  total  represented  by  each  category.  Parts  and  labor  accounted 
for  39  percent  of  the  total  costs;  the  remainder  was  SSI.  The  total  cost  changed 
from  about  $2  40  per  100  miles  in  the  first  5000  miles  of  life  to  $6.25  in  the 
15,000-  to  20,000-mile  peiiod,  an  increase  of  more  than  150  percent. 


PROJECTED  COSTS 
Method 

Maintenance  costs  we^e  projected  by  a  method  similar  to  that  used  in  pro¬ 
jecting  vehicle-breakdown  rate.  Fundamental  to  the  projection  was  the  idea 
that  a  maintenance  cost  equilibrium  would  eventually  be  obtained.  The  details 
of  the  estimation  of  equilibrium  and  projections  are  contained  in  App  A. 

Costs 

Figure  47  shows  the  projected  maintenance  costs  for  the  Ml 51  through 
80,000  miles  assuming  degraded  performance  of  replacement  parts.  By  60,000 
miles  it  is  predicted  that  maintenance  costs  will  reach  $8.27  per  100  miles, 
almost  five  times  the  corresponding  cost  at  issue  of  $1.68  per  100  miles. 
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Chapter  6 

M151  LIFETIME 


INTRODUCTION 

The  earlier  chapters  of  this  paper  have  shown  that  as  M151’s  age  their 
performance  deteriorates  and  their  maintenance  costs  increase.  The  purpose 
of  this  chapter  is  to  develop  an  effective  lifetime  for  the  Ml 51  based  on  these 
factors  and  the  concurrent  influence  of  obsolescence. 

The  lifetime  technique  employed  was  that  used  in  previous  ORO/RAC 
studies;5-5  it  is  described  in  the  next  section  of  this  chapter  in  general  terms. 
The  last  secuon  of  the  chapter  contains  a  discussion  of  the  effective  lifetime 
obtained  for  the  M151.  More  technical  lifetime  discussion  is  presented  in  App  C 

METHOD 

The  lifetime  technique  used  in  this  study  is  based  on  focr  principal  vehicle 
characteristics:  acquisition  cost,  maintenance  cost  as  it  varies  with  age,  ve¬ 
hicle  performance  as  it  varies  with  age,  and  technological  obsolescense.  Costs 
are  amortized  evenly  over  the  portion  of  vehicle  life  remaining  at  the  tim?  they 
are  incurred.  The  performance  measure  used  is  the  mission-success  index 
discussed  in  Chap.  4.  Obsolescence  is  assumed  to  occur  continuously  at  the 
rate  of  2  percent/year  compounded,  which  is  the  rate  used  in  an  earlier  study3 
of  wheeled  vehicles.  The  combination  of  mission- success  index  and  technolog¬ 
ical  competitiveness  (the  obverse  of  obsolescence)  is  called  effectiveness. 

The  portions  of  acquisition  and  maintenance  costs  amortized  in  a  given 
interval  are  charged  to  the  vehicle  effectiveness  attained  during  that  same  age 
interval.  The  effective  lifetime  is  the  vehicle  age  at  which  the  average  cost 
per  effectiveness  unit  since  vehicle  issue  is  minimized.  This  technique  is 
stated  in  mathematical  terms  in  App  C. 


RESULTS 

Computed  Lifetimes 

Based  on  the  measured  performance  of  only  the  hard-core  parts  and  com¬ 
ponents,  the  effective  lifetime  of  the  M151  was  determined  to  be  46,500  miles; 
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if  the  performance  of  the  full-list  parts  and  assemblies  is  considered,  the  life¬ 
time  decreases  to  37,600  miles.  At  a  use  rate  of  550  miles/month  these  mile¬ 
ages  correspond  to  7  and  5'/2  years,  respectively.  These  results  a»-e  summar¬ 
ized  in  Table  20. 


TABLE  20 


Computed  M151  Lifetimes  at  a  Usage  Rote  of  55)0  Miles  Month 


Lifet 

ime 

Performance  measure  basis 

Mile?> 

Years 

llunl-eoro  purls 

In.  "00 

7 

lull  list  of  prime  mobililv  purls 

:i7.(IOO 

r.h 

Discussion 

Sensitivity.  The  lifetimes  derived  are  the  minimum  points  on  the  cost- 
effectiveness  curves  shown  in  Fig.  48.  Both  curves  are  relatively  flat  on  both 
sides  of  these  lifetime  points.  On  the  full- list  curve  the  variation  in  cost- 
effectiveness  from  the  37,600-mile  lifetime  is  less  than  5  percent  in  the  28.000- 
to  49,000- mile  range.  For  the  hard-core  curve  the  range  of  mileage  repre¬ 
senting  less  than  5  percent  deviation  extends  from  32.000  to  64,000  miles. 


Fig.  48 — Cost-Effectiveness  Retention  Curves 

i  Lifetimes;  full  list,  37,600  miles; 
hard-core  list,  46,500  miles. 


Fig.  49 — Average  Cost  per  Mile  of  M 1 51  ’s 
Considering  Acquisition  Cost  (S2900) 
and  Unscheduled  Mointenonce 
Costs  (Degroded) 

•  Full-list  lifetime  i  Hord-core  lifetime 


Decause  of  the  degradation  of  vehicle  performance  at  higher  mileage,  it 
is  useful  to  look  at  costs  and  performance  separately. 

Costs.  In  Fig.  49  the  mean  cost  per  mile  of  M151  life  is  shown  for  various 
replacement  ages.  This  curve  is  obtained  by  dividing  the  sum  of  the  acquisition 
cost  and  the  accumulated  maintenance  costs  (derived  from  the  degraded  pro¬ 
jection  discussed  in  Chap.  5)  by  the  accumulated  miles  of  life.  It  differs  from 
the  cost-effectiveness  retention  curves  of  Fig.  48  in  that  it  does  not  take  account 
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of  performance  or  obsolescence.  Figure  49  shows  that  on  the  basis  of  cost 
alone  it  is  always  less  expensive  to  continue  operating  M151’s  than  it  is  to  re¬ 
place  them. 

However,  it  is  also  evident  from  the  slope  of  the  curve  in  Fig.  49  that  the 
major  part  of  the  total  cost  has  already  been  recovered  by  the  time  a  vehicle 
reaches  the  37,000-  to  47,000-mile  age  range.  Of  the  total  per-mile  saving 
available  in  extending  M151  life  beyond  5000  miles,  94  percent  has  been  realized 
by  50,000  miles  (an  average  of  about  2  percent  saved  per  1000- mile  extension). 
To  realize  the  next  2  percent  requires  an  extension  of  30,000  miles. 

In  the  lifetime  calculation  the  cost  of  a  vehicle  is  assumed  to  remain  con¬ 
stant.  App  C  investigates  the  effect  on  mean  cost  per  mile  when  Lie  original 
vehicle  has  current  Ml 51  costs  but  successively  purchased  vehicles  have  dif¬ 
ferent  acquisition  and  maintenance  costs. 

TABLE  21 


Cost  of  Vorious  Replacement  Cycles 


Retention 

period, 

miles 

Average  cast  of 
maintenance, 
dollars,  mile 

Average  cost  of 
acquisition  and 
maintenance, 
dol  lors/mile 

Percent 
of  25,000-mile 

cast  af  acquisition 
and  maintenance 

Annual  fleet 
cost,0  dollars 

Annual 
fleet  saving 
aver  previous 
cycle,  dollars 

25.000 

0.058 

0.161 

100 

32,200.000 

_ 

35.000 

0.064 

0.136 

84 

27.200,000 

5.000.000 

r.o.oco 

0.069 

0.119 

74 

23.800,000 

3,400.000 

75.000 

0.077 

0.110 

68 

22.000.000 

1,800,000 

“30,000  vehic  les  for  '200  million  miles  year. 


Table  21  presents  a  comparison  of  fleet  costs  for  four  representative 
vehicie- replacement  cycles.  The  savings  which  result  from  choosing  a  50,000- 
mile  life  instead  of  a  35,000-mue  life  are  S3, 400, 000  per  year— about  13  per¬ 
cent  of  the  total  annual  acquisition  and  maintenance  costs.  To  save  another 
$1,800,000  per  year  would  require  retaining  vehicles  until  75,000  miles. 

Performance  and  obsolescence.  The  change  in  mission- success  index 
from  0  to  80,000  miles  is  presented  in  Fig.  50.  The  trend  is  of  course  downward 
as  the  vehicles  age.  At  37,600  miles  (the  lifetime  based  on  the  full  list  of  prime 
mobility  parts)  the  full-list  mission-success  index  is  0.75;  the  hard-core  mis¬ 
sion  success-index  is  0.86.  At  46,500  miles  (the  lifetime  based  on  the  hard¬ 
core  parts)  the  full-list  mission-success  index  is  0.73;  the  hard-core  index  is 
0.85.  Performance  levels  at  the  47,000- mile  life  are  2  to  3  percent  lower  than 
at  the  37,000-mile  life. 

Figure  51  shows  decay  in  vehicle  competitiveness  resulting  from  a  2  per¬ 
cent/year  obsolescence  rate.  Table  22  shows  lifetimes,  which  incorporate  the 
2  percent  obsolescence  rate  compared  with  those  derived  when  no  obsolescence 
is  considered.  The  introduction  of  a  2  percent/year  rate  of  obsolescence  re¬ 
duces  lifetimes  by  10  percent  in  the  full-list  case  and  14  percent  in  the  hard¬ 
core  case.  The  reduction  is  larger  for  the  hard-core  case  because  the  life¬ 
times  themselves  are  longer  and  hence  the  obsolescence  has  become  greater. 
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Fig.  50 — Degraded  Mission-Success  Index 
•  Full-lisf  lifetime 
1  Hord-core  lifetime 


Fig.  51— Pelotive  Decline  of  M151  Technologicol 
Competitiveness  When  Obsolescence  Rote 
Is  2  Percent/Yeor  Compounded 


TABLE  22 


Ml 51  Lifetimes  for  Obsolescence  Rotes  of  0  ond  2  Percent/Year  Compored 


Performance 

measure 

Lifetime 

Reduction 
in  lifetime 
awing  to 

obsolescence,  % 

Miles 

Years 

Obsolescence  rote,  % 

0 

2 

0 

2 

Hard-core  parts 

51,200 

46.500 

8.2 

7.0 

14 

Full  list  of  prime 

mobility  parts 

42,000 

37.600 

6.1 

5.5 

10 

In  Table  23  both  mission  success  and  technological  competitiveness  are 
shown  for  four  representative  retention  periods.  Not  only  are  the  values  at 
the  end  of  the  period  shown  in  Figs.  50  and  51,  but  averages  for  each  period 
are  also  shown.  By  comparing  the  change  shown  in  the  percentage  columns 
with  that  shown  similarly  for  costs  in  Table  21,  the  meaning  of  lifetimes  chosen 
between  35,000  and  50,000  miles  becomes  clearer.  For  example,  a  life  of 
50,000  miles  costs  25  percent  less  per  mile  than  a  life  of  25,000  miles,  while 
the  average  hard-core  mission-success  index  is  3  percent  lower. 
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Since  the  ‘/,-ton  truck  role  is  not  one  of  combat  offense  or  defense,  the 
outcome  of  military  actions  will  probably  not  directly  depend  on  the  modernity 
of  the  Vi- ton  trucks  in  the  vehicle  fleet.  For  this  reason  the  primary  cause  of 
'4-ton  truck  deterioration  will  bo  utilization  rather  than  obsolescence,  and  the 
most  effective  restorative  act  will  be  the  substitution  of  a  new  vehicle,  which 
is  not  necessarily  of  a  new  model. 

Summary.  Although  the  cost-effectiveness  ratios  are  relatively  constant 
over  a  range  within  10.000  to  15,000  miles  on  either  side  of  the  calculated 
effective  lifetimes,  earlier  vehicle  ages  were  found  to  represent  improved 
levels  of  fierformance  and  technological  competitiveness.  Table  24  summarizes 
quantitatively  a  comparison  of  the  37.000-  and  4'7.000-mile  lifetimes. 


TABLE  24 

Comporison  of  37,000-Mile  Life  with  47,000-Mile  Life 


Characteristic 

Lite 

Change 

37,000  miles 

47,000  miles 

tram  37,000  to  47,000,  ^ 

Mr  an  cost  jut  mile 
of  acquisition  ant! 
maintenance,  tlollars 
j>rr  mile 

12.5 

n.r, 

8 

Mission-suct  css  index, 
han!  core 

0.86 

0.85 

1 

oOO-milr  march,  non¬ 
starters  and  dropouts 
per  100  vehicles 

1  t 

15 

1 7 

1  orlinoiof'iral 
competitiveness 

0.89 

0.8.5 

t 

If  obsolescence  is  ignored  in  the  analysis,  the  37,000- mile  full-list  life¬ 
time  increases  to  42,000  miles  and  the  47,000-mile  hard-core  lifetime  is  ex¬ 
tended  to  54,000  miles,  increases  of  11  and  16  percent  respectively. 

Recommended  Lifetime 

On  the  basis  of  these  considerations,  this  study  recommends  an  M151  life¬ 
time  of  50,000  miles.  In  Table  25  this  mileage  is  translated  into  lifetime  years 
for  four  different  rates  of  utilization. 

This  is  a  “liberal’'  lifetime:  it  is  based  on  the  performance  of  only  the 
hard-core  parts  although  failure  of  other  parts  may  disable  a  vehicle;  the  in¬ 
fluence  of  obsolescence  on  effectiveness  is  partially  discounted;  and  the  per¬ 
formance  of  replaced  engines  and  transmissions  was  assumed  to  be  consider¬ 
ably  better  than  the  performance  actually  indicated  in  replacement  assembly 
failure  data.  For  these  reasons  shorter  lifetimes  and  earlier  vehicle  replace¬ 
ment  should  be  considered  for  units  in  which  the  quality  of  Ml 51  performance 
is  important  to  successful  combat-mission  accomplishment. 


RAC-T-479  67 

FOR  OFFICIAL  USE  ONLY 


FOR  OFFICIAL  USE  ONLY 


Two  suggested  guidelines  governing  replacement  are  the  following: 

(a)  Early-life  replacement  is  significantly  more  costly  than  replacement 
at  the  50.000-mile  effective  life.  The  performance  gains  to  be  realized  from 
such  early  replacement  should  therefore  be  carefully  weighed  against  the  need 
for  them  and  the  costs  they  will  entail. 

(b)  Replacement  later  than  60,000  miles  reduces  the  average  perform¬ 
ance  level  of  the  fleet  and  furnishes  only  a  slight  cost  advantage.  As  a  general 
rule  lifetimes  should  therefore  not  be  extended  beyond  60,000  miles. 


TABLE  25 

Recommended  M151  Lifetime 
far  Various  Use  Rotes 


Use  rote. 

Lifetime, 

miles  per  month 

years 

500 

i» 

550 

750 

5*. 

1000 

1 

OVERHAUL 

Primarily  as  a  result  of  the  findings  of  ORO-T-381,21  overhaul  of  '/,-ton 
trucks  is  not  currently  an  Army  practice. 

In  that  study  of  M38-series  ‘.4-ton  trucks,  overhaul  was  found  to  cost  an 
average  of  approximately  $1850  per  vehicle.  Direct  parts  and  labor  accounted 
for  about  half  this  amount,  overhead  and  transportation  for  the  other  half.  If 
M151  overhaul  should  cost  approximately  the  same  amount,  the  least-cost¬ 
lifetime  analysis  contained  in  App  C  shows  that  overhaul  of  M151’s  is  not  eco¬ 
nomical.  According  to  this  analysis,  it  is  unlikely  !  it  the  Ml 51  model  will 
dominate  the  ‘4-ton  truck  inventory  long  enough  t  .  r.e  this  $1850  rebuild 
cost  economical.  It  is  important  to  note  that  th'  uialysis  is  based  on  the  as¬ 
sumption  that  reissued  overhauled  vehicles  will  experience  maintenance  costs 
that  are  no  greater  than  those  of  a  new  vehicle.  Since  ORO-T-3812'  and  ORO- 
T-40i3  both  showed  that  maintenance  costs  of  overhauled  vehicles  are  higher 
than  those  of  newly  issued  vehicles  and  that  tl  ei.-  performance  is  worse,  the 
case  against  M151  overhaul  becomes  even  stronger.  Only  a  significant  im¬ 
provement  in  the  overhauled  product  and/or  reduction  in  overhaul  costs  could 
modify  this  conclusion. 


PROCUREMENT  AND  PREMATURE  LOSSES 

The  lifetime  may  be  simply  used  to  determine  annual  procurement  quanti¬ 
ties  if  it  is  desired  to  maintain  a  fleet  of  constant  size  with  a  constant  annual 
procurement  of  new  vehicles.  Thus  a  lifetime  of  7l/2  years  implies  a  complete 
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fleet  turnover  every  l'/2  years,  which  in  turn  implies  ail  annual  procurement  of 
13  3  percent  (100  i  l'/2)  of  the  fleet. 

However,  in  reality  some  vehicles  are  lost  (usually  owing  to  accidents) 
before  their  natural  lifetime  expires.  The  annual  procurement  must  provide 
replacements  for  these  vehicles  as  well.  Thus  if  the  premature  loss  rate  is 
15.6  percent/year  (that  currently  attributed  to  '/4-ton  trucks2)  and  the  iifetime 
is  71/-.  years,  the  constant  annual  procurement  required  to  maintain  a  fleet  of 
constant  size  should  be  22.2  percent  of  the  fleet  size  as  compared  with  13.3 
percent  it  the  premature-loss  rate  is  zero. 

To  permit  inclusion  of  the  premature-loss  rate  in  estimating  the  constant 
annual  procurement  required  to  maintain  a  constant  fleet  size  for  vehicles  of  a 
given  lifetime.  Fig.  52  is  presented  for  lifetimes  from  4  to  14  years  and  for 
washout  rates  0,  5.  10,  15.  and  20  percent/year.  To  read  the  figure,  find  the 
lifetime  on  the  vertical  axis  (e.g. .  7'/2  years), and  extend  a  horizontal  line  to 
the  curve  of  the  appropriate  loss  rate  (e.g..  15.6  percent/year);  trom  this  point 
drop  a  vertical  line  to  the  horizontal  axis  and  read  the  annual  procurement  ex¬ 
pressed  as  a  percent  of  the  fleet  size  (which  would  be  22.2  percent  in  the  ex¬ 
ample  used).  The  derivation  of  Fig.  52  is  described  in  App  A. 


ANNUAL  PROCUREMENT,  PERCENT 
OF  FLEET  PER  YEAR 

Fig.  52 — Annuol  Procurement  Required  To 
Reploce  Vehicles  Whose  Ages  Will 
Become  Equal  to  the  Computed 
Lifetime  ond/or  Lost  before 
the  Computed  Lifetime 

Of  course  the  general  question  of  how  much  to  procure  when  it  is  desired 
to  increase  or  reduce  the  fleet  size,  or  when  past  procurements  have  not  been 
approximately  equal  so  that  vehicles  tend  to  be  grouped  around  certain  ages 
leaving  relatively  few  at  other  ages,  is  more  complex  than  the  simple  condi¬ 
tions  treated  above.  Nevertheless  the  foregoing  analysis  and  graph  can  be  of 
use  for  even  these  more  complex  analyses  as  a  source  of  first  indications, 
reference  points,  and  goals. 
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INTRODUCTION 

In  this  appendix  calculations  and  findings  treated  only  summarily  in  the 
body  of  the  report  receive  fuller,  more  technical  description. 


SAMPLE  SIZE 
Total  Sample 

The  sample  shown  in  Table  3  is  considered  satisfactory  to  about  19,000 
miles,  where  it  drops  below  100  vehicles.  Up  to  that  mileage  the  probability 
that  at  least  one  prime- mobility  replacement  job  (the  measure  of  vehicle 
breakdown  used— see  Chap.  4)  will  occur  per  1000  miles  is  greater  than  the 
minimum  probability  observable  with  80  percent  confidence  of  an  error  5  per¬ 
cent  or  smaller  as  shown  in  Table  Al.  In  the  first  mileage  increment  (1000  to 
2000  miles)  at  least  200  vehicles  were  observed,  in  the  second  increment  (2000 
to  13,000  miles)  at  least  300,  etc. 


TABLE  Al 


Minimum  Probabilities  Observable  ond  Observed  that  ot  Least  One  Prime-Mobility-Part 
Replacement  Job  Will  Occur  in  1000  M151  Miles 

(With  80  percent  confidence  that  the  error  ''  5  percent) 

Ml  5 1 

Probabilities 

Sample  size 

Age  increment, 
accumulated  miles 

Minimum  observable 
per  1 000  miles 

Observed 
per  1000  miles 

200 

1,000-  2,000 

0.1 1 

0.16 

300 

2,000-13,000 

0.10 

0.20 

200 

13,000-15.000 

0.1 » 

0.27 

100 

15.000-19.000 

0.25 

0.29 

75 

19.000-20.000 

0.30 

0.31 

50 

20.000-21.000 

0.10 

0.31 

25 

21.000-23,000 

0.60 

0.32 

Although  the  sample  does  not  strictly  meet  the  conditions  under  which  a 
confidence  limit  of  the  kind  stated  can  be  derived,  i.e.,  that  each  1000-mile  in¬ 
terval  of  a  vehicle’s  life  is  independent  of  all  the  others  of  its  life,  the  table  is 
believed  to  give  an  indication  that  the  sample  size  is  reasonable  for  the  mile¬ 
ages  covered. 

The  fact  that  the  sample  size  is  essentially  zero  beyond  25,000  miles  is 
viewed  as  representing  a  somewhat  short  look  into  Ml 51  aging.  This  view 
derives  from  the  relation  between  part- replacement  distributions  and  mean 
lives  and  vehicle  performance  as  it  varies  with  vehicle  age  (discussed  in  Chaps. 
3  and  4),  the  observed  failure  rates  of  major  M151  components  which  indicate 
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nuan  lives  of  30,000  to  80,000  miles,  and  the  observation  in  a  number  of  stud¬ 
ies1'1-’'21  that  replacement  parts— new  as  well  as  repaired— do  not  perform  as 
well  as  the  original  ones.  Thus,  although  to  get  a  measure  of  vehicle  perform¬ 
ance  with  a  solid  empirical  base  for  venieles  older  than  say  75,000  miles.and 
especially  in  the  steady  state,  it  would  have  been  good  to  have  seen  most  origi¬ 
nal  parts  fail  and  a  good  number  of  seconds  and  thirds  as  well,  no  more  than 
30  percent  of  the  originals  and  almost  none  of  the  replacements  of  any  prime 
mobility  part  were  seen  replaced  by  19,000  miles.  It  appears  in  greater  detail 
in  Chaps.  3  and  4, where  projections  beyond  the  data  are  made, that  the  look  to 
19,000  miles  is  a  somewhat  foreshortened  view  of  M151  aging.  The  main  effect 
is  probably  that  the  performance  of  replacement  assemblies  is  unknown,  and 
only  to  a  considerably  lesser  degree  is  there  uncertainty  in  the  protable  re¬ 
placement  times  of  the  original  parts  still  intact  at  20,000  miles. 

However,  the  sample  is  viewed  as  a  reasonable  base  from  which  to  project 
performance  at  the  present  time.  USAREUR  was  one  of  the  first  to  receive 
Ml51’s  and  only  after  they  are  operated  for  several  more  years  will  there 
exist  data  of  the  kind  suggested  to  be  desirable.  Fleet  managers  must  make 
replacement  decisions  before  the  fleet  actually  arrives  at  an  unacceptable  state. 

Sample  Used  in  Analysis  of  Man-Hour  Consumption 

In  Chap.  2  the  analysis  of  man-hours  consumed  by  maintenance  actions  is 
based  on  a  limited  sample  because  many  records  did  not  show  the  man-hours 
expended. 

The  extent  to  which  the  subsample  of  actions  for  which  man-hours  were  re¬ 
corded  (Table  5)was  a  biased  sample  of  the  total  sample  (Table  '-)and  is  thought 
to  be  small  and  to  vary  with  the  type  of  action  and  the  echelon.  Some  indica¬ 
tions  may  be  described. 

For  second- echelon  actions,  a  known  large  source  of  actions  without  man¬ 
hours  recorded  resulted  from  the  practice  of  recording  for  a  scheduled  semi¬ 
annual  maintenance  check  the  total  number  of  man-hours  expended  in  the  check 
and  not  the  number  expended  on  each  of  the  single  actions  performed.  All  ex¬ 
cept  5  percent  of  second-echelon  adjustments  and  repairs  can  be  accounted  for 
by  the  mutually  exclusive  categories  “occurred  during  scheduled  semiannual 
maintenance  checks”  and  “had  man-hours  recorded.”  The  extent  to  which 
second-echelon  adjustments  and  repairs  made  during  scheduled  maintenance 
tend  to  be  a  group  different  from  such  actions  not  made  during  scheduled  semi¬ 
annual  maintenance  is  not  known.  For  replacement  actions  taken  at  second 
echelon,  48  percent  may  be  accounted  as  having  “occurred  during  scheduled 
semiannual  maintenance”  or  “had  man-hours  recorded.”  Some  of  the  remain¬ 
ing  blank  man-hour  fields  are  the  result  of  recording  total  man-hours  for 
maintenance  incidents  in  which  more  than  one  maintenance  action  was  taken. 

But  another  significant  part  of  the  blank  man-hour  fields  in  second-echelon  re¬ 
placement  records  must  be  attributed  to  simple  omission. 

Essentially  all  third-echelon  blank  man-hour  data  can  be  attributed  to  the 
occasional  practice  of  recording  man-hours  expended  for  groups  of  actions  in¬ 
stead  of  the  individual  actions.  Omissions  of  man-hour  records  at  third  echelon 
were  rare. 

In  summary,  known  data  inadequacies  leave  possible  room  for  bias  and 
distortion  in  the  distributions  of  maintenance-action  man-hour  consumption 
shown  in  Fig.  6.  Nevertheless  the  distributions  are  regarded  as  giving  good 
indications  of  the  magnitude  and  range  of  man-hour  consumption.  Man-hour 
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data  for  second- pc helon  adjustments  and  repairs  are  regarded  as  most  atcu- 
rately  represented.  Second-echelon  part  replacements  and  third-echelon  ad¬ 
justments  are  regarded  as  least  well  represented— the  former  because  of  the 
tendency  of  replacement  actions  to  occur  in  numl>ers  greater  than  one  and  the 
tendency  of  such  groups  of  actions  to  be  reported  as  a  total  man-hour  figure, 
and  the  latter  because  the  sample  is  small.  The  sample  of  third-echelon  re¬ 
pairs  is  also  regarded  as  small.  Third-echelon  parts  replacements  are  re¬ 
garded  as  well  represented. 

REQUISITION  FILL  TIMES 

The  curve  representing  the  fill  rate  of  Ml 51  requisitions  shown  in  Fig.  11 
was  not  directly  observed  hut  was  derived  as  follows. 

Requisitions  made  for  M60  tanks,  M113  APCs,  and  M88  recovery  vehicles 
as  well  as  Ml 51  ‘4-ton  trucks  were  analyzed  together  and  separately.  The 
separate  analysis  treated  only  those  requisitions  filled  during  the  period  of 
observation.  The  combined  analysis  treated  both  those  that  were  filled  and  all 
requisitions  observed  (filled  or  not). 


Fig.  Al — Fill  Rates  for  o  Somple  of  Requisitions 
Mode  on  M60  Tanks,  Ml  13  APCs,  ond 
M151  14-ton  Trucks  in 
USAREUR  in  1963 

i  Meon  time  to  fill  fil'ed  requisitions 
•  Mean  time  to  fill  all  requisitions 


In  the  analysis  of  only  those  requisitions  that  were  filled,  it  was  found 
that  the  fill  rate  for  one  type  of  vehicle  differed  little  from  that  of  the  others 
or  of  the  vehicles  combined.  In  particular  the  fill  rate  of  filled  requisitions 
for  the  M151  was  found  to  be  essentially  identical  to  that  for  th?  vehicles  com¬ 
bined.  This  curve  is  the  upper  of  the  two  shown  in  Fig.  Al.  The  fill  rate  of 
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all  requisitions  for  the  vehicles  combined  is  shown  as  the  lower  curve  in  Fig. 
Al. 

Because  the  fill  rates  of  filled  requisitions  for  no  vehicle  were  observed  to 
deviate  much  from  that  of  the  combined  rates  and  because  the  M151  in  particu¬ 
lar  was  observed  not  to  deviate  at  all.  the  fill  rate  for  all  M151  requisitions 
was  taken  to  be  the  same  as  that  observed  for  the  vehicles  combined.  Thus 
the  curve  of  Fig.  11  is  identical  to  the  lower  curve  of  Fig.  Al. 

The  upper  and  lower  curves  are  well  represented  bye  and  r0**0' 

(where  (  is  in  units  of  25  days)  so  that  their  respective  mean  fill  times  are  34 
and  44  days. 

MEASURES  OF  PERFORMANCE 
Breakdown  Rate 

The  breakdown  rate  per  1000  miles  h  was  defined  to  be  the  sum  of  the 
replacement  rates  of  the  appropriate  set  (full  list  or  hard-core  list)  of  prime 
mobility  parts. 

Mean  Miles  per  Breakdown 

The  mean  miles  per  breakdown  was  defined  as  1000  times  the  reciprocal 
of  the  breakdown  rate,  or  1000/It. 

Availability  Potential 

Availability  potential  B  is  defined  by 

li  — - - 

I  t  IiAh 

where  h  the  breakdown  rate  per  1000  miles 

A  the  mean  downtime  (in  months)  per  breakdown 
u  -  the  mean  use  rate  in  thousands  of  miles  per  month 
The  availability  potential  is  the  steady-state  probability  that  a  vehicle 
will  not  be  down  if  it  goes  down  at  the  constant  rate  h  and  is  restored  in  the 
constant  mean  time  A  when  the  use  rate  is  constant  at  u.  Thus  availability  po¬ 
tential  is  the  availability  that  would  eventually  obtain  under  conditions  of  con¬ 
stant  It,  A,  and  u.  For  the  M151,  of  course.  It  is  slowly  changing  with  age,  and 
as  a  result  the  actual  availability  at  some  age  differs  from  the  availability 
potential  at  that  age.  But  because  h  changes  slowly,  availability  and  availability 
potential  differ  very  little.  Indeed,  stochastic  fluctuations  in  h  are  likely  to 
lead  to  greater  variability  in  availability  than  the  difference  between  avail¬ 
ability  and  availability  potential  due  to  h-growth  with  vehicle  age. 

Reliability 

Reliability  R  for  a  500-mile  mission  was  defined  by 

R 

where  li  is  the  breakdown  rate  per  1000  miles.  R  is  the  probability  that  a  ve¬ 
hicle  able  to  begin  a  mission  can  complete  it  without  breakdown. 
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Mission-Success  Index 

Mission- success  index  S  was  defined  by 

.  ii  - 

S  (t  -i~- - . 

I  '  ll  All 

where  the  symbols  are  as  previously  defined.  Mission-success  .ndex  is  the 
probability  that  a  vehicle  is  neither  out  of  commission  with  a  breakdown  when 
a  500-mile  mission  is  demanded  of  it  nor  will  suffer  a  breakdown  while  exe¬ 
cuting  the  mission. 


EQUILIBRIUM  BREAKDOWN  RATE 

Equilibrium  of  M151  breakdown  rate  exerted  an  important  influence  in  the 
projections  of  performance  and  maintenance  costs  made  in  Chaps.  4  and  5. 
Eventual  equilibrium  of  M151  breakdown  rate  may  be  expect*  d  for  a  number  of 
reasons. 

M151  breakdown  rate  was  defined  to  be  the  replacement  rate  of  a  set  rf 
important  parts.  Thus,  equilibrium  breakdown  rate  represented  a  constant  re¬ 
placement  rate.  By  replacement  rate  of  the  set  of  parts  was  meant  the  sum  of 
the  individual  replacement  rates. 

The  replacement  of  a  defective  item  by  a  workable  one  has  acquired  the 
name  "renewal.”  and  a  sequence  of  such  replacements  in  one  functional  position 
is  called  a  "renewal  process.”-13  Thus  the  breakdown  rate  defined  was  a  super¬ 
position  of  21  renewal  processes.  Three  properties  of  renewal  process— two 
of  individual  processes  and  one  of  superposed  processes  — 'nave  major  relevance 
for  equilibrium.  One  is  that  a  renewal  process  allowed  to  continue  indefinitely 
eventually  achieves  equilibrium.23  The  second  is  that  if  the  replacement  rate  is 
constant,  equilibrium  exists  immediately.”  The  third  is  that  as  the  number  of 
superposed  processes  becomes  increasingly  large,  the  total  replacement  rate 
tends  increasingly  toward  constancy.''2 

The  equilibrium  predicted  for  the  M151  breaiv.  own  rate  was  attributed  to 
all  three  influences.  First,  it  was  assumed  to  exist  not  immediately  but  only 
after  some  time.  Second,  the  rapidity  with  which  it  would  attain  equilibrium 
was  assumed  enhanced  by  the  number  of  individual  renewal  processes  (i.e.,  21) 
being  superposed.  Third,  the  rapidity  was  considered  further  enhanced  by  the 
constant  replacement  rates  of  many  of  the  indi\idual  parts 


DERIVATION  OF  EQUILIBRIUM  PERFORMANCE  AND  COSTS 

Vehicle-failure  rate  had  been  defined  as  the  combined  failure  rates  of  a 
set  of  prime  mobility  parts  (see  Chap,  4).  The  equilibrium  vehicle-failure  rate 
would  be  I,  jlj, where  was  the  steady- state  mean  life  of  prime  mobility  part  i. 
The  approach  indicated  then  was  to  estimate  the  mean  life  of  each  prime  mo¬ 
bility  part. 

Estimates  of  mean  lives  of  prime  mobility  parts  were  made  as  follows. 
Replacement  rates  as  a  function  of  vehicle  age  were  computed  for  each  prime 
mobility  part.  These  rates  are  described,  tabulated,  and  plotted  in  App  B,  The 
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rates  of  first  replacements  were  plotted  on  log-log  paper  on  which  they  usually 
lay  linearly.  They  were  assumed  representable  by  Weibull  distributions,24  the 
cumulative  form  of  which  is 

lit!  I  <•  (l  >’ 

The  mean  of  a  Weibull  distribution  is2* 

,t  v .  .-i'  ft  id  /i  ■  it. 

Cumulative  fractions  of  replacement,  which  should  have  occurred  by  the  mean, 
were  computed  by 

Ft,.)  i 

Since  !:(p)  is  a  function  of  only  ft  and  ft  was  represented  by  the  slope  of  the  log- 
log  graph,  a  table  of  F(p)  for  various  /3 was  formed.  Means  were  then  deter¬ 
mined  graphically  by  extrapolating  the  linear  graph  of  each  part  to  the  cumula¬ 
tive  fraction  replaced  F(p)  appropriate  for  its  slope  iSand  reading  off  the 
corresponding  age.  For  all  but  six  of  the  prime  mobility  parts  it  is  believed 
that  the  mean  lives  indicated  by  the  data  were  determined  to  within  i7  percent 
by  this  technique.  For  the  six.  widely  different  interpretations  of  the  data  were 
possible  because  it  was  somewhat  scattered  as  it  lay  on  log-log  paper.  The 
study  merely  made  what  seemed  reasonable  interpretations. 

The  mean  lives  estimated  and  the  numbers  of  observed  replacements  on 
which  they  were  bated  are  shown  in  Table  A2.  Also  shown  in  Table  A2  are  the 
price  per  item,  the  estimated  equilibrium  replacement  job  rate,  and  the  re¬ 
sultant  equilibrium  parts  cost  incurred  per  mile. 

The  column  labeled  “P"  contains  ratios  (n  >  j)/q  where  n  is  the  quantity 
of  the  item  in  an  Ml 51,  )  ,s  the  number  of  replacement  jobs  observed,  and  q  is 
the  number  of  items  observed  replaced.  P  is  the  ratio  of  the  number  of  parts 
that  would  have  been  replaced  if  an  entire  set  of  items  were  replaced  with  each 
replacement  job  to  the  number  of  items  that  actually  were  replaced.  Jobs  were 
regarded  as  the  relevant  action  for  reliability  considerations  and  quantity  re¬ 
placed  the  relevant  parameter  for  supply  and  parts  costs  considerations. 

The  eouilibrium  replacement  iob  rate  for  a  part  was  derived  according 
to  the  expression 

K  f7  /■  • 

where  h,  is  the  equilibrium  replacement  job  rate  and  pis  the  mean  life  of  the 
item.  The  equilibrium  costs  were  derived  by 


»V>- 

where  ct.  is  the  equilibrium  cost,  n  is  the  number  of  items  in  an  Ml 51,  and  c, 
is  the  cost  of  one  item  as  shown  in  Table  A2. 

The  estimates  of  mean  lives  and  equilibriums  contained  in  Table  A2  are 
labeled  “like-original"  because  they  are  basedon  the  behavior  of  the  parts  origi¬ 
nal  with  the  vehicles;  in  deriving  the  equilibriums  the  assumption  was  made 
that  parts  in  the  vehicles  subsequent  to  the  original  parts  would  have  mean 
lives  the  same  as  the  originals. 
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TABLE  A2 

Like-Original  Equilibrium  Replacement  Job  Rates  and  Casts 
o{  Prime  Mobility  Ports 
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Total 

,lKst  im«it  t'd. 

^Thirty  portent  of  list  pri 
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TABLE  A3 

Degraded  Equilibrium  Replacement  Jab  Rate!  and  Casts  oi  Prime  Mobility  Parts 


System  ond  port 

Like-onginol 
meon  life, 
thousonds 
of  mi  Us 

Ad|tsted 

moon  life, 
thousonds 
of  miles 

Percent 

of 

like  new 

Rationale  of 
adjustment 

Equilibrium 

replocement 

|obs 

per  mile 

Equilibrium 
parts  cast, 
dollar!  par  mile 

Ptmrr  anti  propulsion 
(  lull h 

.13 

.33 

100 

a 

28.6  >  lffh 

0.429  x  Iff1 

r.lutfh  hearing 

rtionr 

i: 

17 

100 

a 

.38.8  .  10  6 

0.294  .  Iff  3 

Differential 

173 

70 

13 

i> 

1 1.3  x  10  *> 

1.144  x  10  1 

Fngine 

31 

36 

70 

r 

27. H  .  10  6 

2.367  x  ’,0  1 

Prop  shaft 

Front 

(,0 

<>0 

100 

d 

33.1  .  10  6 

0.341  x  10  3 

Hear 

30 

30 

100 

<i 

.36.2  v  10  h 

0.  484  ■  10'3 

1  ransmission 

.32 

■J  > 

100 

d 

31.2  '  10  6 

3.042  x  nr1 

Flee trie  al 

Hatters 

60 

60 

100 

d 

20.6  x  10  h 

0.3,32  x  Iff1 

Belt,  generator 

60 

12 

70 

i. 

33,0  ■  10  6 

0.09,3  x  10  1 

(  AO  1 

HO 

HO 

100 

<i 

12.3  .  10  6 

0.066  x  Iff  1 

Distributor 

.32 

.32 

too 

d 

.31.2  x  10  6 

0.9.39  x  10  1 

(♦monitor 

:u 

.31 

100 

a 

29,4  x  10  (> 

2.46,3  x  10  1 

(ieneratnr  regulator 

17 

37 

100 

■i 

2"  0  ..  10  h 

0.888  x  Iff1 

Spark  plug 

o"t 

1.3 

60 

93.1  x  10  6 

0.133  x  10“ 1 

St  art  or 

;ik> 

HO 

80 

0 

12,3  x  10  6 

0.070  x  10“ 3 

Carburetor 

,1.3 

33 

100 

a 

2H.6  x  10  6 

0,372  X  iff3 

Fuel  pump 

u 

11 

100 

d 

22,7  -  10  6 

0.613  x  10  3 

Fooling 

Modi  at »*r 

3.1 

,3.1 

100 

a 

,30.3  x  10  6 

0.739  x  10“3 

Water  pump 

KHMl 

HO 

H 

b 

12,3  x  10  6 

0.161  x  Iff  3 

Suspension 

Drake  master 
c\  lindor 

60 

60 

100 

d 

16,7  x  10'° 

0,084  x  10  3 

Suspension  urm 

70 

63 

«x> 

c 

31, Hx  10  6 

0.397  x  10  3 

lire 

3.3 

21 

60 

0 

9.3. 1  x  10  6 

2.340  x  10  3 

Wh*‘ol  bearing 

2.3 

2.3 

100 

a 

,30,6  x  10  6 

0.163  x  10  1 

Total 

- 

- 

— 

- 

7"8,2  x  Iff6 

18.379  x  Iff  " 

‘  Srem*'d  unHHU.ilIv  bail  al  the  beginning;  when  improved,  age  deteriorated;  seems  likely  to  end  up 


■  hert  it  was, 

’Pxar  exported  to  set  in 
1  'pliripaled  rebuild  quality. 

‘bs  quulitv  and  that  of  its  environment  seem  un likely  to  deteriorate 
1  I'ittv ironmental  deterioration  expected. 


The  limited  information  that  exists  on  this  matter  indicates  that  lives  for 
repaired  parts  and  even  new  parts  installed  subsequent  to  failure  of  the  origi¬ 
nals  are  less  than  those  of  the  original  parts.  A  further  consideration  is  that 
the  mean  lives  presented  in  Table  A2  are  based  on  only  the  first  19,000  miles 
of  vehicle  life;  parts  that  have  large  mean  lives  (e.g.,  over  50,010  miles)  and 
may  show  signs  of  wearout  (increased  failure  frequency)  as  they  approach 
their  mean  lives  may  have  shown  only  small,  random  failure  frequencies  in 
the  sample  of  life  observed.  For  example,  the  differential  and  the  water  pump 
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show  failure  frequencies  in  their  first  19,000  miles  of  life  indicative  of  mean 
lives  of  475.000  miles  and  1.000.000  miles  respectively.  These  are  regarded 
as  unrealistic  estimates  on  the  basis  of  common  experience  with  mechanical 
parts  of  such  a  natur>  .  The  expectation  is  that  these  parts  will  eventually  wear 
out  at  ages  considerably  short  of  the  lives  listed  in  Table  A2. 

To  account  for  these  probable  unrealities  in  Table  A2,  Table  A3  was  pre¬ 
pared  in  which  mean  lives  were  adjusted  as  seemed  appropriate.  The  equilib¬ 
riums  in  Table  A3  are  presented  in  the  txidy  of  the  study  as  “degraded"  and 
“realistic."  They  are  degraded  in  the  sense  that  they  are  derived  by  degrading 
the  like-original  estimates. 

The  oquilibiium  to*al  maintenance  cost  was  derived  by  multiplying  equilib- 
rium  parts  costs  derived  tor  prime  mobility  parts  shown  in  Tables  A2  and  A3 
by  a  number  of  factors.  Each  prime-m  >bility-part  cost  was  multiplied  by  the 
factor  2.2"  or  1  37  depending  on  whether  the  part  was  usually  replaced  at  second 
or  third  echelon  (see  Table  13  for  identification  of  echelon  at  which  each  prime 
mobility  part  was  usually  replaced)  to  account  for  its  SSI  and  repair  costs  and 
its  residual  value. 


MILES  SINCE  ISSUE 

Fig.  A2— Rotio  of  Costs:  All  Ports  to 
Prime  Mobility  Ports 

Engines  and  transmissions  at  30  percent  at  list  price. 


Costs  of  other  than  prime  mobility  parts  at  equilibrium  were  derived  by 
assuming  that  the  total  parts  costs  at  equilibrium  were  divided  between  prime 
mobility  and  other  parts  in  the  same  proportion  as  they  were  during  the  first 
19,000  miles  of  life.  This  assumption  was  justified  by  the  failure  to  detect  any 
tendency  of  the  proportion  to  systematically  depart  from  its  mean  as  a  function 
of  age.  Figure  A2  shows  the  ratio  of  the  cost  of  all  parts  to  the  cost  of  prime 
mobility  parts  replaced  in  the  first  19,000  mi'es  of  vehicle  life  in  the  detail 
sample.  The  SSI  and  repair  costs  and  residual  value  of  these  parts  were  ac¬ 
counted  for  by  assuming  all  the  parts  were  replaced  at  second  echelon  and  ap¬ 
plying  the  factor  2.27  to  their  estimated  price. 

Costs  of  labor  at  equilibrium  were  derived  in  a  manner  similar  to  that  in 
which  costs  of  other  than  prime  mobility  parts  were  derived.  Figure  A3  shows 
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the  ratio  of  labor  costs  for  replacement  actions  to  the  direct  cost  ot  parts  re¬ 
placed  for  the  detail  sample  01  M151’s.  The  cost  of  labor  for  performing  ad¬ 
justments  and  repairs  was  observed  to  remain  essentially  constant  with  age  at 
approximately  Jl  per  1000  vehicle-miles  and  so  was  left  out  of  consideration 
in  consonance  with  considering  here  only  costs  that  evidence  change  with  vehi¬ 
cle  age. 

A  summary  of  these  computations  and  the  resulting  equilibrium  total  main¬ 
tenance  costs  is  contai'  ed  in  Table  A4. 


Fig.  \Z— Ratio  of  Costs:  Mointenonce  Lobor  Expended 
on  Replacements  to  Parts  Cost  of 
Prime  Mobility  Parts 

Engines  and  transmissions  at  30  percent  of  list  price. 


TABLE  A4 

Total  Maintenance  Costs 

(100,000  miles) 


Item 

fraction  of 
direct  prime  - 
mobility-parts 
costs 

Direct  cost, 
dollars  per 

1000  miles 

SSI,  repair 
costs,  and 
residual 
value  factor 

Total  cost, 
dollars  per 
1000  miles 

At  Like- 

-Original  Equilibrium 

1  1 .37"  1 

1  ’pme  mobility  parts 

1.0 

17.97*' 

1  2.27  1 

48. 20a 

Other  parts 

0.  (68 

11 

'  2.27 

19.09 

1  Ailtor 

0.5  w 

0.83 

NA 

9.35 

Total 

— 

— 

— 

77. 14a 

At  Degraded  Equilibrium 

(  1 ,37b  1 

Prime  mobility  parts 

1.0 

18.38*' 

I  2.27  | 

53.38a 

Other  part s 

0. 16H 

10.47 

2.27 

23.77 

I  altor 

0.3  18 

13.26 

NA 

12.26 

Tat  ill 

— 

— 

— 

89.42“ 

“Engines  mid  transmissions  ul  30  percent  of  list  price. 
Vs  *d  ns  appropriate  for  eaeli  prime  mobility  part. 


PROJECTIONS  OF  PERFORMANCE 


The  projection  of  vehicle-breakdown  cate  (replacement  job  rate  of  prime 
mobility  parts)  consisted  of  determining  at  what  age  to  expect  the  equilibrium 
to  lie  reached  and  how  the  performance  would  proceed  from  the  end  of  the  data 
to  equilibrium. 
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Equilibrium 

Age  of  Occurrence,  A  number  of  reason’  exist  for  exporting  equilibrium 
by  100,000  miles.  In  Chap.  3  individual  equilibriums  for  engines  and  trans¬ 
missions  are  attained  by  approximately  their  mean  lives,  i.e.,  by  the  time 
only  half  their  first  replacement  cycle  is  finished.  Although  these  assemblies 
have  relatively  broad  replacement  distributions,  essentially  all  prime  mobility 
parts  have  replacement  distributions  as  broad  and  broader.  Of  course  the 
broader  they  are  the  more  nearly  constant  t hey  are  and  the  sooner  they  attain 
their  equilibrium.  Many  exhibit  constant  replacement  rates  and  are  in  equilib¬ 
rium  from  the  beginning.  But  at  any  rate  none  should  have  to  go  beyond  its 
mean  life  to  attain  equilibrium.  This,  coupled  with  the  fact  that  most  of  the 
mean  lives  lie  below  80,000  miles  and  in  the  degraded  model  all  lie  below 
100,000  miles,  seemed  ample  justification  for  assuming  approxima.e  equilib¬ 
rium  to  obtain  around  100.000  miles. 

Manner  of  Approach.  Equilibrium  was  assumed  to  be  approached  smoothly 
and  steadily  from  the  end  of  the  data  at  19.000  miles  of  vehicle  life.  This 
assumption  was  based  on  the  smooth  approach  of  engines  and  transmissions 
to  their  individual  equilibriums  observed  in  Chap.  3.  the  expected  smoother 
approach  by  other  individual  assemblies  with  distributions  broader  than  those 
of  engines  and  transmissions,  the  smooth  approach  of  the  combined  engines 
and  transmissions  observed  in  Chap.  3.  and  the  smoothing  effects  of  the  broad 
distribution  of  prime- mobility-part  lives  shown  in  Fig.  A4. 


MEAN  LIFE,  MILES 

Fig.  A4 — Distribution  of  Like-Original  Mean  Lives 
of  Prime  Mobility  Parts 


Curve  Form.  By  inspection  of  the  data  and  the  equilibrium  (e.g.,  as 
plotted  in  Fig.  A5)  it  was  assumed  curves  of  the  form 


i’(i)  rto  ino  p(0)u-  /*■ , 


where  P 
i 

IV) 

P«» 

v 


the  parameter  to  be  projected 
the  age  parameter 
the  equilibrium  value  of  P 
the  initial  value  of  P 

a  constant  controlling  the  rate  at  which  equilibrium 
is  approached 
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could  suitably  fit  th?  data  and  connect  them  smoothly  and  asymptotically  with 
the  equilibrium.  By  treating  the  equilibrium  as  an  asymptote  the  question  of 
when  equilibrium  will  occur  is  relegated  to  the  data,  the  equilibrium  level,  and 
the  curve  form.  The  fact  that  this  answer  was  also  about  100,000  miles  was 
regarded  as  evidence  that  the  curve  form  chosen  was  appropriate. 


MILES  SINCE  ISSUE 


Fig.  A5— Projection  of  Replacement  Job  Rate  of 
Prime  Mobility  Ports 

•  Prime  mobility  port  replacement  jobs  per  1000  miles 
i  Hard-core  jobs  per  1000  miles 

*  Estimated  equilibrium 


Projections  of  Vehicle-Breakdown  Rate 


Like  Original.  An  estimate  of  the  equilibrium  breakdown  rate  was  made 
by  estimating  from  the  replacement  experience  the  mean  life  of  each  of  the 
original  parts  and  forming  the  sum  of  the  reciprocals.  The  estimated  equilib¬ 
rium  was  0.655  replacement  jobs  per  1000  miles  of  vehicle  use  for  the  full  list, 
and  0.310  for  the  hard-core  list. 

The  data  to  be  fitted  were  reduced  to  five  points  for  each  fit  to  be  obtained 
(one  for  each  of  the  first  four  5000-mile  intervals  of  vehicle  life  and  the  equilib¬ 
rium)  as  illustrated  for  the  full  list  and  hard-core  list  of  mobility  parts  in 
Table  A5. 

From  a  sketch  of  the  curve  the  initial  values  P(0)  were  estimated.  Given 
P(0),  a  p  for  each  data  point  could  be  computed  from  the  assumed  equation.  If 
the  p  seemed  consistent  theP(0)  was  assumed  appropriate  and  a  useful  fit  was 
found.  The  equation  parameters  and  the  "fit”  points  corresponding  to  the  data 
points  are  shown  in  Tables  A6  and  A7.  The  curves  fit  the  asymptotes  identi¬ 
cally;  the  full-list  curves  fit  the  data  at  a  \2  level  of  about  0.50;  the  hard-core 
curves  with  a  x2  le,-el  of  about  0.80.  Thus  all  four  curves  fit  well  if  a  \2  level 
of  0.95  or  higher  is  taken  as  the  rejection  criterion.  Figure  A5  shows  the  re¬ 
sulting  curve  and  observed  data  points.  This  analysis  treats  the  estimated 
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TABLE  A5 


Dato  Poin's  on  Which  Projections  of 
Vehicle  Failure  Rate  Were  Based 


Age  interval,  in  units 

of  5000  miles 

Failures  per  1000  miles 

Like  anginal 

Degraded 

Full  List  af  Mobility  Parts 

i 

o.i8:i 

0.181 

o 

0.210 

0.210 

:! 

0.20", 

0.29.1 

t 

0..110 

0.110 

l\qui  librium 

o.orvi 

0.778 

Hard-Care  Prime  Mobility  Parts 

i 

0.068 

0.008 

•> 

0.100 

0.100 

1 

0.1  ST. 

0.1!! 

\ 

0.170 

0.170 

Ktjuilibrium 

0.110 

o.i  ir, 

TABLE  A6 


Equation  Parameters  and  Derived  Points  Corresponding 
to  Dota  Points  for  Projected  Vehicle-Failure  Rate 


Age  interval,  in  units 
of  5000  miles 

Derived  rate,  failures  per  1000  miles 

Like  original0 

Degraded0 

i 

0.182 

0.17.1 

■> 

0.212 

0.239 

i 

0.291 

0.298 

i 

0.111 

0.3.10 

10 

0.6.13 

0.771 

Kqui  librium 

0.6.15 

0.778 

“run  0.112, ,,  o.i.ir. 
br(o)  o.ioo,,.  o.ir,. 


RAC-T-479 


85 


FOR  OFFICIAL  USE  ONLY 


FOR  OFFICIAL  USE  ONLY 


equilibrium  as  an  asymptote  that  was  never  quite  actually  attained  hut  was  es¬ 
sentially  attained  at  what  seemed  a  reasonable  time  in  life  — about  100,000 
miles— consistent  with  the  expectation  developed  in  the  subsection,  “Equilibrium. 

A  number  of  limitations  of  the  projection,  which  deserve  careful  con¬ 
sideration  during  interpretation  of  it.  are  now  noted.  They  are  generally  at¬ 
tributable  to  the  shortness  of  the  sample  in  the  age  dimension. 


TABLE  A7 


Equation  Porometers  ond  Derived  Points  Corresponding 
to  Data  Points  for  Projecting  Hard-Core  Vehicle- 
Breokdown  Rote 


Age  interval,  in  units 
of  5000  miles 

Derived  rate,  breakdowns  per  1000  miles 

Like-original0 

Degraded^ 

i 

0.07 1 

0.071 

•i 

0.111 

0.110 

i 

0.144 

0.142 

4 

0.169 

0.170 

40 

0.410 

0.344 

Kquitibiium 

0.410 

0.141 

*P(0)  0.010,  p  0.171. 
l,P<0)  0.0.10.,)  0.147. 


(a)  At  observed  usage  rates— about  7000  miles/year— the  range  of  the 
projection  in  time  is  about  29  years.  However,  no  accounting  for  the  effects 
of  time  was  made  beyond  those  “built  into”  the  accumulation  of  the  19,000 
miles  of  data  over  a  2-year  period.  It  seems  quite  possible  that  deleterious 
effects  resulting  from  exposure  to  the  elements  rnay  set  in  sometime  during 
the  rang:-  of  the  projection,  which  had  not  yet  set  in  during  the  period  of  life 
observed. 

(b)  The  mean  lives  of  prime  mobility  parts  on  which  the  equilibrium 
breakdown  rate  was  based  were  derived  from  replacement  data  for  the  original 
parts  of  the  vehicle;  thus  they  are  the  lives  of  new  parts  operating  in  a  new 
environment.  However,  it  is  expected  that  after  a  time  many  replacement  parts 
will  not  be  new  but  will  be  repaired  oi  rebuilt,  and  experiences  of  past  studies3’4 
are  that  rebuilt  assemblies  do  not  have  the  same  life  as  the  original  ones.  Fur¬ 
thermore  the  operating  environment  of  the  parts  will  generally  be  deteriorated 
from  what  it  was  when  the  vehicle  was  new,  further  accelerating  wear-out. 

(c )  As  shown  in  Tables  A2  and  A3,  a  few  prime  mobility  parts,  which  are 
expected  eventually  to  exhibit  increasing  replacement  rates  as  they  begin  to 
wear  out.  were  not  observed  to  have  done  so  during  the  first  19.000  miles  of 
Ml 51  life.  The  random  rate  they  did  show  was  often  low  and  led  to  intuitively 
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unrealistic  moan  livo.s.  The  inclusion  of  “realistic"  moan  lives  for  these  parts 
would  have  the  effect  of  raising  the  estimated  equilibrium  breakdown  rate. 

(d)  The  estimated  equilibrium  is  low  to  the  extent  that  there  are  a  number 
of  other  parts  not  included  in  the  analysis  that  could  eventually  fail  with  signifi¬ 
cant  frequency  to  affect  mobility. 

(e)  The  usage  rate  is  assumed  to  remain  at  about  7000  miles  /year.  The 
replacement  probability  of  a  part  is  no  doubt  influenced  hv  the  mileage  accumu¬ 
lation  rate.  The  evidence  of  some  past  studies'  indicates  that  lower  probabilities 
of  failure  per  mile  and  hence  larger  mean  mileage  lives  are  associable  with 
higher  rates  of  use. 

Each  of  the  [mints  raised  was  examined  in  some  detail.  It  was  generally 
felt  that  only  points  b  and  c  might  significantly  influence  the  equilibrium  esti¬ 
mate.  Data  on  which  to  estimate  \he  influence  of  point  e  did  not  exist  — the  indi¬ 
cations  of  past  studies''  are  that  do  nations  from  the  observed  use  rate  of  up  to 
25  percent  are  likely  to  have  small  influence.  The  effects  of  long  exposure  to 
the  elements  and  to  the  user  environment,  which  were  not  observable  in  the  first 
20.000  miles  of  life  (3  years  or  lessl.  raised  as  point  b  are  unknown. 

Degraded.  Based  on  a  performance  degraded  to  account  for  the  influences 
of  points  b  and  c.  an  equilibrium  of  0.778  replacement  jobs  per  1000  miles  of 
operation  was  estimated  for  the  full  list  (19  percent  greater  than  that  estimated 
directly  trom  the  data);  the  degraded  hard-core  equilibrium  was  0.345  jobs  per 
1000  miles  (11  percent  higher  than  the  like  original).  The  projections  based  on 
this  equilibrium  are  shown  in  Fig.  A6  along  with  the  original  projection.  The 
degraded  is  probably  the  more  realistic  estimate. 

For  lack  of  more  information  or  a  better  estimate  the  degraded  estimate 
presented  in  Fig.  A6  is  the  one  on  which  lifetime  calculations  are  based  and  is 
viewed  as  the  best  prediction  of  vehicle  performance  that  can  be  made  from  the 
data  and  general  knowledge  of  the  study. 

The  projections  are  generally  characterized  by  relatively  steep  ascents 
to  50,000  miles,  then  a  gradual  further  ascent  to  equilibrium,  which  is  pretty 
well  attained  by  100.000  miles.  The  range  of  breakdown  rates  encompassed  by 
the  full  list  of  prime  mobility  parts  and  the  hard-core  list  is  represented  pretty 
well  by  the  magnitude  of  the  hard-core  rate  itself,  indicating  that  the  hard  core 
accounts  for  a  fairly  constant  40  to  50  percent  of  the  total  breakdowns.  By  in¬ 
terpolating  a  value  through  the  center  of  these  projections,  new  vehicles  have 
a  breakdown  rate  on  the  order  of  10  breakdowns  per  100  vehicles  in  moving  1000 
miles.  This  rate  increases  steadily  to  about  four  times  that  value  by  50,000 
miles;  equilibrium  is  about  five  times  the  initial  value.  Thus  of  the  total  five¬ 
fold  increase  from  initial  breakdown  rate  out  to  about  100.000  miles  of  vehicle 
life.  80  percent  of  it  occurs  in  the  first  half  of  the  period. 

Projections  of  Other  Performance  Measures 

Having  projected  the  breakdown  rate  li ,  projections  of  mean  miles  per 
breakdown,  availability  potential,  reliability,  and  mission- success  index  could 
be  straightforwardly  derived  by  the  formulas  describing  their  dependence  on 
h  presented  earlier.  These  projections  are  shown  in  Figs.  A7  to  All. 

Projections  are  shown  to  200,000  miles  to  illustrate  plainly  the  asymptotic 
nature  of  the  projections  and  the  relative  flatness  after  100,000  miles.  As  has 
been  noted  earlier,  the  purpose  has  been  not  to  predict  the  performance  of 
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MILES  SINCE  ISSUE 

b.  Degroded  Projection 


Fig.  A8 — Availability  Potential 

Use  rate  550  miles  month. 


MILES  SINCE  ISSUE  MILES  SINCE  ISSUE 

a.  Like-Originol  Projection  b.  Degraded  Projection 

Fig.  A9 — Reliability 

Mission-  500  miles. 
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I  50,000  100,000  150,000  200,000  0  50,000  100,000  150,000  200,000 

miles  since  issue  miles  since  issue 


a.  Lika-Original  Projection 


b.  Degraded  Projection 


Fig.  A10 — Mission-Success  Index 

Use  rate:  550  miles  month;  mission:  500  miles. 


50,000  100,000  150,000  200,000 


50,000  100,000  150,000  200,000 


MILES  SINCE  ISSUE 


MILES  SINCE  ISSUE 


Based  on  Foil  List  of  Prime  Mobility  Ports  b.  Based  an  Hard-Core  Prime  Mobili*y  Ports 


Fig.  All— Degraded  Projection  of  Mission  Foilure 

Use  rate:  550  miles  month;  mission:  500  miles. 

I  I  Dropouts  f  I  Nonstorters  — Like  origincl 
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200,000-mile-old  Vi-ton  trucks,  hut  rather  to  take  account  of  presently  detect¬ 
able  long-range  trends  to  better  estimate  performance  in  some  intermediate 
range— 20.000  to  80.000  miles.  The  projections  now  shown  are  included  simply 
as  reference  material.  Projections  are  shown  for  both  like-original  and  de¬ 
graded  estimates  of  performance.  The  important  implications  of  these  projec¬ 
tions  for  the  study  are  presented  in  Chap.  4. 

PROJECTIONS  OP  UNSCHEDULED  MAINTENANCE  COSTS 

Maintenance  costs  were  assumed  to  parallel  breakdown  rate  and  so  to  pro¬ 
ceed  to  equilibrium  according  to  the  same  curve  form  as  that  used  to  project 
breakdown  rate.  In  Tables  A6  and  A9  the  data  points  and  the  derived  points  and 


TABLE  A8 


Dofo  Points  on  Which  P, -ejections  of 
Mointenonce  Cnsts  Were  Bosed 


Maintenance 

CCMf, 

Age  interval,  in  units 

dallors  per  1 000  miles 

of  5000  miles 

j  L.keoriginal 

Degraded 

t 

O 

:t 

i 

2.1  .“I 

51.27 

16.32 

62.37 

73.»| 

31.27 

16.32 

62.37 

I'.qili  librium 

77.lt 

89. 12 

TABLE  A9 

Equotion  Porometers  ond  Derived  Points  Corresponding 
to  Doto  Points  for  Projected  Mointenonce  Costs 

Age  intervol,  in  units 
of  5000  miles 

Derived  mciritenonce  costs, 
doilors  per  1000  miles 

Like  originol0 

Degoded^1 

t 

•j 

3 

l 

23.76 

•35.86 

15.27 

52.53 

2.3.96 

.36.02 

15.99 

51.01 

to 

77.lt 

89. 10 

l*.(]ui  librium 

77.  It 

89.12 

“(’(0)  H. 00;  p  0.258. 

W’(0)  9.00:  p  0.205. 
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curve  parameters  respectively  are  shown.  The  curves  are  shown  in  Fig.  A17. 
As  with  breakdown  rate,  the  projections  fit  the  equilibrium  points  exactly,  as¬ 
ymptotic  .i.ly.  The  like-original  projection  is  an  unacceptable  fit  by  the  \2  level 
of  less  than  0.95,  the  criterion  for  acceptability.  The  degraded  projection  is 
acceptable  at  a  \2  level  of  about  0.80.  The  unit  cost  used  in  the  \2  tests  was 
$25,  approximately  the  mean  cost  per  unscheduled  maintenance  action  ($27.33) 
derived  in  Chap.  2. 


miles  since  issue 


Fig.  A 1 2 — Projected  Mainlenonce  Costs 

•  Data  points 

*  Estimated  equilibriums 


Parts  costs,  labor  man-hours,  and  man-hour  costs  were  not  projected 
separately.  (Apparently  their  projections  would  be  similar  in  form  to  the 
projections  costs  shown  in  Fig.  A12.)  However,  Figs.  A13  through  A17  do  show 
their  observed  values  compared  with  their  expected  equilibriums. 


RE PRESENTABILIT Y  OF  TOTAI.  SAMPLE  BY  DETAIL  SAMPLE 

In  costing,  the  detail  sample  was  relied  on  as  the  source  of  all  costs  ex¬ 
cept  those  of  prime  mobility  parts  replaced.  In  particular,  the  ratios  of  labor 
costs  and  other  (not  prime  mobility)  parts  costs  to  prime-mobility-parts  costs 
in  the  detail  sample  were  applied  to  the  prime-mobility-parts  costs  of  the  total 
sample  to  estimate  total  costs.  The  validity  of  this  procedure  depends  to  a 
considerable  extent  on  similarities  between  the  samples.  The  only  direct  com¬ 
parison  possible  is  between  the  costs  of  prime  mobility  parts  in  each  sample. 
Figure  AI8  reveals  the  samples  to  be  similar  in  this  respect.  The  coefficient 
of  correlation  between  the  two  sets  of  cost  points  is  0.742. 
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0  1  0,000  20,000 

MILES  SINCE  ISSUE 


Equi  1 1  br  lum 

(  100,000) 


0  10,000  20,000 


Equilibrium 

(  100,000  n) 


M'LFS  SINCE  ISSUE 


Fig.  A1S — Cost  of  Ports  Reploced  os 
r>  ^unction  of  Age 

DX  items  costed  ot  30  percent  of  list  price. 
CZ3  Engine  1_'JJ  Tires 

Transmission  r~1  Other 


Fig.  A14 — Cost  ot  t'orts  Keploced  as  a 
Function  of  Vehicle  Age,  by  Echelon 

DX  items  costed  ot  30  ,  *rcent  of  list  price. 
F\T\3  3d  echelon  llZD  2d  echel  on 


0  10,000  20,000 

Equilibrium 
(  100,000) 

0  10,000  20,000  Equilibrium 

(  100,000 

MILES  SINCE 

ISSUE 

MILES  SINCE  ISSUE 

Fig.  A15— Direct  Mointenonce  Lobor  Consumed 
os  a  Function  of  Vehicle  Age 

Fig.  A16 — Direct  end  Supervisory  Mointe  lance 
Lobor  Consumed  os  o  Function  of  Vehicle  Age 

KSSH  3d  echelon  l  '-! 

2d  echelon 

ESS^nI  3d  echelon  2d  echelon 
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O  10,000  20,000  Equilibrium 

(  100,000  mi) 

MILES  SINCE  ISSUE 


Fig.  A17 — Cost  of  Direct  and  Supervisory 
Maintenance  Labor  as  a  Function  of 
Vehicle  Age 

K>- 1  3d  eche  •on  2d  echelon 


Fig.  A 1 8 — Cast  af  Prime  Mobility  Parts  Replaced 
in  the  Detailed  Sample  and  in  the  Totol  Sample 
Coefficient  of  correlation  is  0.742. 

+  Detailed  sairple  O  Total  sample 


PROCUREMENT  AND  PREMATURE  LOSSES 


The  constant  procurement  quantity  p  required  to  maintain  a  constant  fleet 
size  when  the  member  vehicles  have  lifetime  L  and  premature-loss  rate  u  (dis¬ 
cussed  at  the  end  of  Chap.  6  and  presented  graphically  in  Fig.  52)  was  derived 
as  follows.  Consider  p  to  consist  of  two  parts:  (1)  ptl  .  replacements  for  vehi¬ 
cles  attaining  age  L  during  the  procurement  year,  and  (2)  pl(,  ,  replacements  for 
vehicles  not  attaining  age  L  during  the  procurement  year  but  lost  for  other 
reasons  (e.g.,  accidents).  Thus 

p  P„  1  p„.  •  (Al) 
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pw  (1  w)*- 

pw  (1  w)*-‘3 


W  Ip  p  w(  I  w )  pw|  pw  (1  W 
w  (p  w p)  pw  (1  w ) 

wp 


Fig.  A 19 — Premalure  Losses  by  Year  of  p 
Vehicles  Bought  L  Yeors  Ago 

Lass  rate  is  w  per  year. 


Current  y 


1  year  aga 


7  years  aga 


(L-3)  years  aga 


(L-2)  years  aga 


(L-l)  year  aga 


L  years  aga 


Now  p„  is  just  P.  the  number  of  vehicles  bought  L  years  ago.  less  those  that 
have  been  lost  meanwhile.  As  Fig.  A19  shows,  the  latter  quantity  is  just 

pie  (|  ir)b  .  Hence 
It  0 


Pa 


I  2 
I  ir  i 
I;  (I 


(A2) 


Noting  that  the  sum  in  Eq  2  is  just  the  sum  of  a  geometric  series  with  L-l  terms, 
first  term  1,  and  ratio  (1-u),  Eq  2  may  be  rewritten 


pn  pU  ir)1"1  •  (A3) 

The  other  part  of  p  (i.e..  p„, )  is  just  the  premature-loss  rate  times  the  fleet 
size  less  those  that  will  attain  age  L  and  so  will  be  replaced  anyway  this  year, 
namely  pM  .  Thus 


«'  (1  • 

Combining  Eqs  1,3,  and  4  and  solving  for  p  yields 

ir 

P - i  . 

!  (l  -w)1 


(A4) 


(A  5 ) 
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INTRODUCTION 

This  appendix  contains  tables  and  graphs  of  the  replacement  rates  of  M151 
prime  mobility  parts  on  which  the  performance  analyses  of  Chaps.  3  and  4  were 
based  and  the  cost  analysis  of  Chap.  5  heavily  relied.  The  rates  were  produced 
by  a  computer  routine  described  briefly  in  RAC-T-460'1  and  in  greater  detail  in 
RAC-T-465.26 


RATES 

Rates  of  occurrence  of  two  kinds  of  replacement  actions  were  calculated 
as  a  function  of  vehicle  age.  One  kind  is  called  a  “replacement  job,”  the  other 
simply  a  “replacement.”  The  distinction  is  relevant  for  parts  used  in  the  M151 
in  numbers  greater  than  one.  e.g.,  spark  plugs  and  tires.  For  such  parts,  a  re¬ 
placement  job  is  a  maintenance  action  involving  the  replacement  of  any  number 
of  parts,  including  replacement  of  the  complete  set.  A  replacement,  on  the  other 
hand,  is  the  maintenance  action  constituted  by  replacing  one  part.  Thus  a  re¬ 
placement  job  consists  of  one  or  more  replacements. 

The  rate  of  occurrence  of  replacement  jobs  was  taken  to  be  a  measure  of 
vehicle  reliability.  The  rate  of  occurrence  of  replacements  was  regarded  as  a 
measure  of  part  life  and  part  reliability;  it  was  also  used  in  conjunction  with 
part  prices  to  develop  costs  of  parts  consumed. 

The  rates  were  calculated  as  follows1  for  each  1000-mile-usage  interval 
j  in  which  M151  activity  was  observed,  counts  were  made  of  the  number  of  ve¬ 
hicles  Vj  observed  throughout  the  interval  and,  for  these  vehicles,  the  number 
of  replacement  jobs  J(  and  replacements  Oj  experienced  by  each  prime  mobility 
part.  Replacement  job  rates  RJ  were  then  calculated  for  each  usage  interval) 
by 


RJ,  J/V, 

Replacement  rates  RQj  were  calculated  by 

RQ,  Q/4V, 

where  q  is  the  quantity  of  the  part  on  a  vehicle. 

For  engines  and  transmissions  a  more  detailed  analysis  was  made.  (Be¬ 
cause  there  is  only  one  of  each  assembly  pei  ehicle  the  discussion  can  be  con¬ 
fined  to  only  one  kind  of  rate— the  replacement  rate.)  For  each  assembly  type, 
replacements  were  identified  by  order  of  replacement  on  a  given  vehicle  as 
well  as  by  the  usage  interval  in  which  it  occurred;  replacements  of  original 
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assemblies  were  assigned  order  number  one.  replacements  of  second  assem¬ 
blies  were  assigned  order  number  two,  etc.  Also  for  each  usage  interval, 
counts  of  vehicles  that  had  not  ye*  experienced  replacements  of  a  particular 
order  were  formed  for  orders  one  through  four. 

Starting  with  these  basic  counts,  replacement  rates  of  three  kinds  were 
computed  for  each  order  i.  The  rate  among  vehicles  that  had  not  ye*  '"tperienced 
a  replacement  of  the  order  were  formed  by 


where  K  is  the  rate,  El(  is  the  number  of  replacements  of  order  i  made  in  usage 
interval  j,  and  V,.  is  the  number  of  vehicles  observed  in  usage  interval  ]  that 
had  not  yet  experienced  a  replacement  of  order  i.  In  much  literature  this  rate 
is  called  the  hazard  rate  (when  a  replacement  is  regarded  as  a  failure). 

From  this  point  replacement  rates  among  all  vehicles  observed  in  the  in¬ 
terval  were  computed  for  each  order  by  the  recursion 


T,  VrV-Ti  1-0 

where  Rfl  is  the  rate  of  ith  order  replacements  in  usage  interval  j.  Replace¬ 
ment  rates  R; ,  analogous  to  those  computed  for  all  prime  mobility  parts, were 
calculated  by 


R, 


i.  R, 


The  third  kind  of  rate  was  just  the  cumulative  of  the  rate  by  order  for  all 
orders  among  all  vehicles.  These  were 


IK' 


i 

E  RC( 

I;  I  1 


and 

».•  -  i 

where  RC  represents  cumulative  R. 


SAMPLE 


The  Ml  51  sample  on  which  the  rates  presented  here  were  based  was  that 
described  in  Chap.  1.  Its  distribution  in  usage  (shown  graphically  in  Fig.  3) 
is  shown  in  tabular  form  in  Table  Bl.  These  are  the  vehicle  counts  Vj  men¬ 
tioned  in  the  previous  section. 

As  discussed  in  Chap.  1,  the  introduction  of  TAERS,  which  occurred  sub¬ 
sequent  to  the  issue  of  many  of  the  vehicles,  made  available  maintenance  data 
on  many  more  parts  usually  attended  to  at  second  echelon.  For  such  parts  only 
the  period  of  observation  covered  by  TAERS  was  used  as  the  basis  of  their  re¬ 
placement  rates.  Indeed,  in  what  was  in  retrospect  a  possibly  co»servative  de- 
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T^BLE  B1 


Usage  Distribution  of  Ml 51  Somple 


Usage  interval,  miles 

Vehicles  in 
full  sample 

Vehicles  in 

TAERS  covered  sample 

Greater  then 
or  equal  ta 

Less  than 

0 

1.000 

7(>2" 

0 

1 .01)1) 

2.000 

7(>l 

mo 

•j.ooo 

1.000 

?.*>!> 

2W 

.1,000 

1.000 

717 

.12 1 

1,000 

">.000 

715 

lit 

">,000 

6.001) 

720 

;i  i:i 

6.000 

7.000 

710 

160 

7,000 

8.000 

680 

151 

H  ,000 

<1,000 

6.11 

.151 

0,000 

10,000 

508 

170 

10.000 

1 1  ,(X)0 

550 

176 

1 1 .000 

12.000 

18 1 

112 

12.000 

1  1.0<)0 

:l»2 

100 

11,000 

1  1,000 

115 

260 

1 1,000 

I7>, (XX) 

260 

1 5,000 

1(1.000 

218 

202 

16,000 

17.000 

172 

167 

17.000 

IK.  (XX) 

1.18 

1.17 

IK. 000 

10.1XX) 

11.1 

111 

10.000 

20.1X10 

88 

88 

20.000 

21.000 

61 

6.1 

21.000 

22.000 

16 

16 

22,001) 

2.1.000 

.15 

15 

2:t,000 

21.000 

28 

28 

21.000 

25.000 

18 

18 

2."  .000 

26.000 

11 

11 

26.000 

27.000 

“ 

27,000 

28.000 

1 

1 

28.000 

20.000 

I 

1 

2().  ooo 

10.000 

1 

1 

■  f  1 

10.016 

5148 

'This  samplr,  from  which  j'-irlN-rrplirri'mrnt  rotes  were  drvt'loped,  inadvertently  hasten  fewer 
vehirl-s  th. in  that  shown  as  the  total  sample  in  Chap.  I.  Having  ineluded  the  ten  would  have 
alteret  the  eomputert  rates  negligibly. 


cision,  only  engine  and  transmission  replacement  rates  were  developed  for  the 
full  sample  of  life  observed. 


TABI.KS 


The  tables  of  replacement  job  and  replacement  rates  (see  Tables  B2 
through  B4)  are  essentially  self-explanatory.  Engine  and  transmission  rates 
are  presented  in  two  different  formats.  In  one  they  are  presented  the  same  as 
are  all  the  other  parts.  In  the  other  they  are  shown  by  order  and  as  rates 
among  vehicles  yet  to  experience  the  order  (hazard  rates),  as  rates  among  all 
vehicles,  and  as  cumulative  rates  among  all  vehicles. 
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TABLE  B2 

Replacement  Rates  of  Prime  Mobility  Parts 


Usage  interval, 
thous  of  miles 


Replacement 

jabs 


Parts 

replaced 


Gfeater  than 
at  equal  ta 


Less  than 


Replacement 

jobs 

pe’  vehicle 


Parts 

replacement 
per  part 


Clutch  Bearing0 


0 

I 

■> 


o 


n 

o 

id 

II 

IT 

13 

U 

I" 

,6 

17 

IK 

19 

20 
21 

21 

21 

27, 

26 

27 

28 
29 


0 

1 


:i 


i 

6 

6 

8 
9 
10 
1 1 


0 

0 

0 

0 

:i 

2 

■  > 

0.007 

0.007 

i 

7, 

8 

0.018 

0.017, 

.  > 

7, 

8 

0.018 

0.017, 

(i 

l 

l 

0.012 

0.012 

■ 

8 

8 

0.008 

0.008 

8 

(> 

6 

0.017 

0.017 

<1 

l 

l 

0.011 

0.011 

10 

7, 

8 

0.018 

0.013 

II 

7, 

8 

0.01.8 

0.013 

12 

8 

8 

0.009 

0.009 

13 

■> 

■> 

0.006 

0.006 

1 1 

6 

6 

0.022 

0.022 

ir> 

o 

o 

0.009 

0.009 

16 

•> 

•> 

0.009 

0.009 

17 

8 

8 

0.017 

0.017 

18 

1 

1 

0.007 

0.007 

19 

7 

~ 

0.07,9 

0.089 

20 

8 

8 

0.081 

0.031 

21 

0 

0 

0 

0 

•>•> 

0 

0 

0 

0 

28 

2 

2 

0.07,8 

0.07,7, 

21 

0 

0 

0 

0 

27, 

0 

0 

0 

0 

26 

0 

0 

0 

0 

07 

0 

0 

0 

0 

28 

0 

0 

0 

0 

29 

0 

0 

0 

0 

80 

0 

0 

0 

0 

Total 

70 

Clutch  Disk0 

70 

— 

— 

1 

_ 

_ 

— 

— 

2 

1 

1 

0.00.8 

0.003 

8 

■, 

<> 

0.007 

0.007 

1 

l 

1 

0.012 

0.01? 

r> 

I, 

6 

0.018 

0.018 

6 

1 

I 

0.008 

0.003 

7 

7, 

7, 

0.011 

0.011 

8 

7, 

.8 

0.01 1 

0.011 

9 

1 

1 

0.011 

0.011 

10 

a 

2 

0.007, 

0.9C7, 

11 

i 

1 

0.010 

0.010 

12 

i 

I 

0.003 

0.003 
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TABLE  B2  (continued) 


Usage  interval, 
thous  of  miles 

Replacement 

jabs 

Ports 

replaced 

Replacement 

jobs 

per  vehicle 

Ports 

replacement 
per  part 

Greater  than 
or  equol  to 

Less  t'  an 

12 

11 

.1 

3 

0.00D 

0.00D 

11 

1  1 

1 

1 

0.015 

0.015 

1 1 

15 

0 

0 

0 

0 

ir, 

Ih 

2 

•■» 

0.00D 

0.00D 

16 

IT 

i 

1 

0.006 

0.006 

i: 

18 

i 

1 

0.007 

0.007 

18 

ID 

i 

3 

0.026 

0.026 

ID 

20 

i 

1 

0.011 

0.011 

20 

21 

0 

0 

0 

0 

21 

0 

0 

0 

0 

23 

1 

1 

0.027 

0.027 

21 

21 

0 

0 

0 

0 

21 

25 

0 

0 

0 

0 

25 

26 

0 

n 

0 

0 

26 

•>7 

0 

0 

0 

0 

•1" 

28 

0 

0 

0 

0 

28 

2D 

0 

0 

0 

0 

■2<) 

30 

0 

0 

0 

0 

Total 

51 

5) 

_ 

— 

Clutch  Plate0 

0 

1 

1 

•> 

0 

0 

0 

0 

3 

O 

O 

0.007 

0.007 

.1 

1 

l 

i 

0.003 

0.003 

i 

5 

i 

i 

0.012 

0.012 

Ti 

6 

l 

l 

0.003 

0.003 

6 

7 

3 

3 

0.008 

0.008 

7 

8 

4 

1 

0.011 

0.011 

8 

D 

4 

4 

0.011 

0.011 

<> 

10 

6 

6 

0.016 

0.016 

10 

11 

1 

7 

0.018 

0.018 

11 

12 

1 

1 

0.003 

0.003 

12 

13 

O 

<> 

0.006 

0.006 

11 

1  1 

1 

1 

0.015 

0.015 

1  1 

1.5 

1 

1 

0.004 

0.004 

15 

16 

1 

1 

0.00.5 

0.005 

16 

17 

•> 

2 

0.01! 

0.011 

17 

18 

1 

i 

0.00' 

0.007 

18 

ID 

1 

i 

0.034 

0.034 

ID 

20 

2 

o 

0.021 

0.02) 

20 

21 

0 

0 

0 

0 

21 

0 

0 

0 

0 

oo 

23 

1 

1 

0.027 

0.027 

25 

21 

0 

0 

0 

0 

21 

25 

0 

0 

0 

0 

J.” 

26 

0 

0 

0 

0 

26 

>7 

0 

0 

0 

0 

■  V* 

28 

0 

0 

0 

0 
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TABLE  B2  {continued) 


Usage  interval, 
thous  of  miles 

Replacement 

Parts 

Replacement 

Parts 

replacement 
per  part 

Greater  than 
ar  eaual  to 

Less  than 

jobs 

replaced 

I  a. is 

per  vehicle 

23 

:*> 

U 

0 

0 

0 

2° 

10 

0 

0 

0 

0 

I'lltsll 

:>i  :»i 

Clutch  Parts  K»ta 

— 

— 

0 

1 

_ 

_ 

_ 

— 

1 

■  > 

i 

1 

0.005 

0.005 

2 

1 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

1 

.  > 

0 

0 

0 

0 

:> 

f) 

1 

1 

0.001 

o.ooi 

(> 

7 

I 

•1 

0  006 

0.000 

7 

8 

1 

:t 

0.008 

0.008 

» 

o 

1 

1 

0.001 

0.001 

0 

10 

•1 

•) 

0.005 

0.005 

10 

n 

3 

:> 

0.011 

0.011 

ii 

12 

i 

i 

0.001 

0.001 

12 

11 

:> 

5 

0.016 

0.016 

n 

1  1 

i 

1 

0.001 

0.001 

1 1 

IT 

•i 

O 

0.008 

0.008 

IT 

16 

i 

1 

0.011 

0.01 1 

lf> 

17 

.*> 

3 

0.029 

0.029 

17 

18 

i 

i 

0.021 

0.021 

18 

19 

i 

i 

0.009 

0.009 

1<> 

20 

0 

0 

0 

0 

20 

21 

0 

0 

0 

0 

21 

•V» 

0 

0 

0 

0 

•)•) 

21 

1 

1 

0.025 

0.02.5 

2.1 

2t 

1 

1 

0.012 

0.012 

21 

25 

1 

1 

0.050 

0.050 

25 

26 

0 

0 

0 

0 

26 

•>" 

0 

0 

0 

0 

•>” 

28 

0 

0 

0 

0 

28 

29 

0 

0 

0 

0 

MI 

10 

0 

0 

0 

0 

Total 

39 

Differential^ 

39 

— 

— 

0 

i 

_ 

— 

— 

— 

i 

0 

0 

0 

0 

0 

O 

:i 

0 

0 

0 

0 

1 

i 

•■> 

o 

0.006 

0.001 

t 

5 

0 

0 

0 

0 

5 

6 

0 

0 

0 

0 

6 

7 

1 

1 

0.001 

0.001 

" 

8 

0 

0 

0 

0 

H 

9 

l 

1 

0.001 

0.001 

9 

10 

2 

2 

0.005 

0.001 
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TABLE  B2  (continue:!) 


Engine1 


I 


•  Y 

1 

\ 

1 

1 

•> 

l 

.1 

<> 

3 

ft 

\ 

(1 

7 

\ 

7 

8 

- 

8 

tl 

• 

i) 

10 

i> 

10 

11 

; 

1  1 

12 

:> 

12 

1  1 

:> 

IT 

1  1 

\ 

1  1 

IT, 

IT, 

If, 

1 

It. 

17 

:* 

17 

18 

1 

18 

|0 

■Y 

|0 

20 

Y 

20 

■>  1 

•> 

21 

0 

0 

21 

21 

2  a 

0 

1 

■j  O.OOT  O.OOT 

S  O.OOT  0.00 1 

\  O.OOT,  O.OOT, 

2  0.00:1  0.00:1 

(,  O.OOB  0.008 

4  0.00ft  O.00(, 

v  0.00ft  0  006 

2  0.00:1  O.OOT 

7  0.011  0  01 1 

(,  0.010  0.010 

4  0.007  0.007 

5  0.010  0.010 

c.oi:i  0.01.T 

\  0.01:1  0.01:1 

o.oil  0.011 

1  O.OOT,  O.OOT, 

3  0.017  0.017 

1  0.007  0.007 

2  0.017  0.017 

.,  0.022  0.022 

2  O.0:il  0.031 

0  0  0 

0  0  0 

0  0  0 

1  0.0", 2  0.07,2 
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TABLE  B2  (continued) 


Usage  interval, 
thois  of  miles 

Replocement 

jobs 

Ports 

reploced 

Rep  locement 
obs 

per  vehicle 

Ports 

replocement 
per  part 

Grcoter  thon 
or  equol  to 

Less  thon 

J.» 

2<» 

0 

0 

0 

0 

■>" 

0 

0 

0 

0 

■>” 

2U 

0 

0 

0 

0 

28 

2<> 

0 

0 

0 

0 

jg 

:to 

0 

0 

0 

0 

Tot  al 

7! 

74 

— 

- 

Front  Prop  Shoft^ 

0 

1 

1 

0 

0 

0 

0 

■> 

.4 

l 

t 

0.015 

0.007 

4 

l 

1 

1 

0.005 

0,002 

1 

.*» 

1 

1 

0.012 

0.006 

5 

<> 

> 

5 

0.006 

0.005 

6 

7 

1 

1 

0.005 

0.001 

7 

8 

0 

0 

0 

0 

it 

0 

•> 

•> 

0.006 

0.005 

0 

Id 

0 

0 

0 

0 

10 

11 

1 

1 

0.005 

0.001 

it 

12 

T 

5 

0.000 

0.001 

12 

IT 

0.010 

0.005 

i:t 

1  1 

0.01 1 

0.006 

1 1 

15 

5 

5 

0.015 

0.007 

I.T 

16 

1 

1 

0.005 

0.005 

16 

IT 

1 

1 

0.006 

0.004 

17 

18 

0 

0 

0 

0 

18 

10 

1 

1 

0.000 

0.001 

l» 

20 

•1 

o 

0.021 

0.011 

20 

21 

1 

i 

0.015 

0.008 

21 

•V> 

0 

0 

0 

0 

22 

25 

0 

0 

0 

0 

2:t 

2 1 

0 

0 

0 

0 

2t 

25 

0 

0 

0 

0 

25 

26 

0 

0 

0 

0 

26 

>>" 

0 

0 

0 

0 

28 

(1 

0 

0 

0 

28 

20 

0 

0 

0 

0 

29 

SO 

0 

0 

0 

0 

T.rtal 

55 

55 

— 

- 

Reor  Prop  Shoft^ 

0 

1 

] 

2 

0 

0 

0 

0 

o 

5 

1 

1 

0,005 

0.002 

4 

4 

5 

f) 

0.015 

0.008 

t 

r> 

•> 

2 

0.006 

0.00.4 

fj 

6 

1 

i 

0.005 

0.001 

6 

7 

1 

i 

0.005 

0.001 
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TABLE  B2  (continued) 


Usage  interval, 
thaui  af  miles 

Replacement 

jcb* 

Parts 

replaced 

Replacement 

jabs 

per  vehicle 

Parts 

leplacement 
per  part 

Greater  than 
or  equal  ta 

Less  than 

8 

2 

2 

0.006 

0.003 

8 

9 

i 

i 

0.003 

0.001 

*) 

10 

0 

0 

0 

0 

10 

11 

0 

0 

0 

0 

11 

12 

0 

0 

0 

0 

12 

13 

1 

1 

0.003 

0,002 

13 

11 

1 

1 

o.ooi 

0.002 

1 1 

15 

1 

1 

0.004 

0  002 

r, 

16 

1 

1 

0.005 

0.002 

16 

17 

1 

2 

0  006 

C.006 

IV 

18 

0 

0 

0 

0 

18 

19 

0 

0 

0 

0 

20 

1 

2 

0.011 

0.0  il 

20 

21 

0 

0 

0 

0 

21 

1 

1 

0.022 

0.011 

'Si 

73 

0 

0 

0 

0 

22 

.1 

0 

0 

0 

0 

21 

25 

0 

0 

0 

0 

26 

0 

0 

0 

0 

2(. 

27 

0 

0 

0 

0 

■  >- 

28 

0 

0 

0 

28 

29 

0 

0 

0 

0 

20 

30 

0 

0 

0 

0 

Total 

20 

22 

- 

— 

T.ansmitsian0 

0 

i 

b 

6 

0.008 

0.008 

1 

o 

3 

3 

0.004 

0.004 

•1 

3 

3 

3 

0.004 

0.004 

:i 

1 

1 

4 

0.005 

0.005 

l 

5 

l 

H 

0.010 

0.010 

6 

3 

3 

0.004 

C.004 

6 

8 

8 

0.0)1 

0.011 

8 

6 

6 

0.009 

O.C09 

8 

9 

8 

8 

0.013 

0.013 

10 

1 1 

14 

0.023 

0.023 

10 

11 

13 

15 

0.023 

0.02.3 

1 1 

12 

11 

14 

0.028 

0.028 

12 

13 

5 

5 

0.012 

0.012 

1:1 

1  1 

11 

11 

0.034 

0.034 

1 1 

15 

7 

7 

0.026 

0.026 

15 

16 

1 

4 

0.017 

0.017 

16 

17 

10 

10 

0.054 

0.0.34 

i  7 

18 

1 

4 

0.023 

0.028 

18 

10 

2 

2 

0.016 

0.016 

10 

20 

2 

2 

0.071 

0.02! 

20 

21 

3 

3 

0.047 

0.045 

Jl 

•VI 

o 

2 

0.037 

0.037 

■»•> 

23 

0 

0 

0 

0 

,06 
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TABLE  B2  (continued) 


Usage  interval, 
thous  of  miles 


Replacement 

jabs 


Greater  than 
or  equal  to 


Less  *!ian 


Parts 

replaced 


Replacement 

jobs 

per  vehicle 


Ports 

replacement 
per  part 


28 

21 

1 

1 

0.02O 

0.080 

ill 

2.-i 

1 

1 

0.017 

0.017 

2." 

26 

0 

0 

0 

0 

2(> 

■_>" 

0 

0 

0 

0 

O** 

28 

0 

0 

0 

0 

2(i 

20 

0 

0 

0 

0 

2«) 

80 

0 

0 

6 

0 

Tot  ul 

1 11 

181 

- 

— 

0 

1 

Battery^3 

1 

■i 

1 

2 

0.005 

0.005 

0 

0 

r 

- 

0.017 

0.012 

l 

1 

1 

1 

0.008 

0.002 

l 

0 

0 

0 

0 

5 

6 

1 

2 

0.008 

1.00.2 

6 

- 

■i 

0.006 

- 

8 

1 

0.002 

8 

0 

1 

■1 

0.008 

0.008 

9 

10 

■i 

l 

0.005 

0.005 

10 

II 

8 

0 

0.008 

0.008 

II 

12 

8 

1 

0.009 

0.006 

12 

12 

0 

0 

0 

0 

l:t 

18 

5 

1 

0.019 

0.018 

1 1 

IS 

2 

1 

0.018 

0.009 

15 

16 

5 

5 

0.021 

0.012 

16 

IT 

>i 

8 

0.012 

0.012 

i: 

18 

0 

0 

0 

0 

18 

10 

0 

0 

0 

0 

19 

20 

0 

0 

0 

0 

20 

21 

1 

•1 

0.015 

0.015 

21 

■i-i 

0 

0 

0 

0 

•i*> 

28 

0 

0 

0 

0 

21 

28 

0 

n 

0 

0 

21 

25 

0 

0 

0 

0 

2"i 

26 

0 

0 

0 

0 

26 

•7 

0 

0 

0 

0 

07 

28 

0 

0 

0 

0 

28 

20 

0 

0 

0 

0 

20 

80 

0 

0 

0 

0 

Toiiil 

86 

58 

— 

— 

Generator  Beit^ 

0 

1 

1 

2 

i 

2 

0.005 

0.005 

i 

8 

i 

1 

0.008 

0.002 

2 

1 

0 

0 

0 

0 

1 

5 

0 

0 

0 

0 

8 

6 

0 

0 

0 

0 

RAC-T-479 


107 


FOR  OFFICIAL  USE  ONLY 


FOR  OFFICIAL  USE  ONLY 


TABLE  B2  (continued) 


Usage  interval, 
thous  of  miles 

Replacement 

jabs 

Parts 

Replacement 

jabs 

per  vehicle 

Parts 

replacement 
per  part 

Greater  than 
or  equal  ta 

Less  than 

rep'aced 

6 

7 

0 

0 

0 

0 

7 

8 

\ 

2 

0.001 

0.001 

it 

9 

1 

i 

0.001 

0.P01 

<) 

10 

4 

6 

0.011 

0.008 

10 

11 

4 

6 

0.011 

0.011 

II 

12 

5 

i 

0.011 

0.010 

12 

11 

1 

2 

0.001 

0.001 

l:i 

It 

0 

0 

0 

0 

14 

11 

0 

0 

0 

0 

15 

16 

0 

0 

0 

0 

Id 

17 

1 

1 

0.006 

0.001 

1? 

18 

1 

1 

0.007 

0.004 

18 

19 

1 

1 

0.009 

0.004 

10 

20 

0 

0 

0 

0 

20 

21 

1 

1 

0.016 

0.008 

21 

22 

0 

0 

0 

0 

21 

0 

0 

0 

0 

2.1 

24 

0 

0 

0 

0 

24 

25 

0 

0 

0 

0 

■r, 

26 

0 

0 

0 

0 

26 

27 

0 

0 

0 

0 

27 

28 

0 

0 

0 

0 

28 

29 

0 

0 

0 

0 

29 

10 

0 

0 

0 

0 

Total 

22 

Call 

33 

a 

— 

— 

0 

i 

— 

— 

— 

— 

1 

O 

1 

o 

1 

4 

0 

0 

0 

0 

i 

1 

0 

0 

0 

0 

") 

6 

1 

1 

0.001 

0.001 

6 

7 

0 

0 

0 

0 

7 

8 

2 

•> 

0.006 

0.006 

8 

9 

0 

0 

0 

0 

9 

10 

0 

0 

0 

0 

10 

11 

1 

1 

0.003 

0.003 

11 

12 

:i 

1 

0.009 

0.009 

12 

11 

l 

1 

0.003 

0.001 

1.1 

14 

1 

1 

0.004 

0.004 

1  l 

11 

1 

1 

0.004 

0.004 

11 

16 

0 

0 

0 

0 

It. 

17 

0 

0 

0 

0 

1" 

18 

0 

0 

0 

0 

18 

19 

0 

0 

0 

0 

19 

20 

0 

0 

0 

0 

20 

21 

0 

0 

0 

0 

21 

22 

0 

0 

0 

0 
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TABLE  B2  (continued) 


Usage  interval, 
thaus  af  miles 

Replacement 

jabs 

Parts 

Replacement 

jobs 

per  vehicle 

Parts 

replacement 
per  part 

Greater  than 
ar  equal  ta 

Less  than 

replaced 

23 

0 

0 

0 

0 

21 

0 

0 

0 

0 

21 

25 

0 

0 

0 

0 

25 

26 

0 

0 

0 

0 

20 

07 

0 

0 

0 

0 

■>** 

28 

0 

0 

0 

0 

2K 

•H) 

0 

0 

0 

0 

2<> 

30 

0 

0 

0 

0 

Total 

10 

10 

— 

— 

0 

1 

Distributor0 

1 

2 

i 

1 

0.005 

0.005 

2 

3 

t 

3 

0.013 

0.013 

3 

l 

8 

8 

0.025 

0,025 

t 

5 

7 

< 

0.021 

0.021 

.*) 

6 

7 

7 

0.020 

0.020 

6 

7 

9 

9 

0.025 

0.025 

7 

8 

3 

3 

0.008 

0.008 

8 

9 

8 

8 

0.022 

0.022 

9 

10 

5 

5 

0.013 

0.013 

10 

11 

10 

10 

0.025 

0.025 

II  ■ 

12 

6 

6 

0.017 

0.017 

12 

13 

2 

2 

0.006 

0.006 

l:i 

It 

8 

8 

0.029 

0.029 

it 

15 

0 

0 

0 

0 

15 

16 

2 

2 

0.009 

0.009 

16 

17 

4 

3 

0.021 

0.021 

IT 

18 

2 

2 

0.013 

0,013 

18 

19 

3 

3 

0.023 

0.023 

19 

20 

3 

3 

0.027 

0.027 

20 

21 

5 

5 

0.069 

0.069 

21 

22 

0 

0 

0 

0 

22 

23 

0 

0 

0 

0 

25 

23 

1 

1 

0.033 

0,033 

21 

25 

0 

0 

0 

0 

25 

26 

1 

1 

0.105 

0,105 

26 

27 

0 

0 

0 

0 

27 

28 

0 

0 

0 

0 

28 

29 

0 

0 

0 

0 

29 

30 

0 

0 

0 

0 

Total 

99 

99 

— 

— 

Generator0 

0 

1 

1 

O 

i 

1 

0.005 

0.005 

2 

3 

3 

9 

0.010 

0.010 

3 

1 

6 

6 

0.019 

0.019 
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TABLE  B2  (continued) 


Usage 

interval, 

thaus 

af  mile* 

Replacement 

Parts 

Replacement 

Parts 

Greater  than 
or  equal  ta 

Less  than 

jabs 

replaced 

. 

jobs 

per  vehicle 

replacement 
per  part 

i 

5 

9 

9 

0.027 

0.027 

5 

6 

4 

4 

0.012 

0.012 

6 

l 

8 

8 

0.022 

0.022 

7 

8 

9 

9 

0.025 

0.025 

8 

9 

1 

1 

0.020 

0.020 

9 

10 

11 

11 

0.029 

0.029 

10 

11 

13 

13 

0.034 

0.034 

n 

12 

6 

6 

0.017 

0.017 

12 

13 

8 

8 

0.025 

0.025 

13 

14 

4 

-♦ 

0  014 

0.014 

14 

15 

2 

2 

0.008 

0.008 

IS 

16 

0 

0 

0 

0 

16 

17 

0 

0 

0 

0 

17 

18 

1 

1 

0.006 

0.006 

18 

19 

1 

1 

0.009 

0.009 

19 

20 

1 

1 

0,010 

0.010 

20 

21 

0 

0 

0 

0 

21 

22 

0 

0 

0 

0 

22 

23 

0 

0 

0 

0 

23 

24 

0 

0 

0 

0 

24 

25 

1 

1 

0.046 

0.046 

23 

26 

0 

0 

0 

0 

26 

27 

1 

1 

0.016 

0.016 

27 

28 

0 

0 

0 

0 

28 

29 

0 

0 

0 

0 

29 

30 

0 

0 

0 

0 

Total 

96 

96 

— 

— 

Generator  Regulator0 

0 

1 

1 

2 

1 

1 

0.005 

0.005 

2 

3 

6 

6 

0.020 

0.020 

3 

4 

9 

9 

0.028 

0.028 

4 

5 

4 

0.012 

0.012 

5 

6 

2 

2 

0.006 

0.006 

6 

7 

6 

6 

0.017 

0.017 

7 

8 

5 

5 

0.014 

0.011 

8 

9 

9 

9 

0.025 

0.025 

9 

10 

10 

10 

0.027 

0.027 

10 

11 

9 

9 

0.024 

0.024 

11 

12 

10 

10 

0.028 

0.028 

12 

13 

1 

1 

0.023 

0.023 

13 

14 

3 

3 

0.011 

0.011 

U 

IS 

2 

3 

0.013 

0.01.3 

IS 

16 

7 

1 

0.032 

0.0.32 

16 

17 

•i 

2 

0.011 

0.011 

17 

18 

i 

i 

0.007 

0.007 

18 

19 

2 

2 

0.017 

0.017 

19 

20 

0 

0 

0 

0 
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TABLE  B2  (continued) 


Uscge  interval, 
thaus  af  miles 

- i 

Replacement 

Parts 

Replacement 

jobs 

per  vehicle 

Parts 

replacement 
per  part 

1 

Greate  than 
ar  equal  ta 

Less  than 

jabs 

replaced 

20 

21 

1 

1 

0.015 

0.015 

•2i 

•)•) 

0 

0 

0 

0 

•>•> 

23 

1 

1 

0.025 

0.025 

2:) 

21 

0 

0 

0 

0 

21 

‘■jr 

0 

0 

0 

0 

2.r> 

20 

1 

1 

0.088 

0.088 

20 

•>** 

*> 

t> 

0.268 

0.268 

27 

28 

0 

0 

0 

0 

28 

29 

n 

0 

0 

0 

29 

:iO 

1  nl  nl 

n  o 

101  101 

Spark  Plugc 

0 

0 

0 

i 

— 

— 

— 

— 

1 

o 

3 

12 

0.016 

0.016 

•> 

3 

.5 

20 

0.017 

0.017 

:s 

1 

9 

28 

0  028 

0.022 

4 

r» 

7 

20 

0.021 

0.015 

5 

0 

16 

61 

0.046 

0.047 

() 

7 

9 

38 

0.025 

0.026 

7 

8 

10 

3) 

0.028 

0.022 

8 

9 

13 

48 

0  036 

0.034 

9 

10 

12 

12 

0.031 

0.028 

10 

II 

10 

32 

0.025 

0.020 

1) 

12 

13 

47 

0.036 

0.033 

12 

13 

8 

26 

0.025 

0.02) 

13 

14 

17 

54 

0.060 

0.049 

1  1 

15 

1 

4 

0.004 

0.004 

13 

16 

6 

18 

0.028 

0.021 

16 

17 

2 

10 

0.012 

0.015 

17 

18 

i 

4 

0.007 

0.007 

18 

19 

i 

1 

0.009 

0.009 

19 

20 

4 

10 

0.011 

0.026 

20 

21 

1 

1 

0.015 

0.004 

21 

22 

0 

0 

0 

0 

22 

23 

0 

0 

0 

0 

23 

24 

0 

0 

0 

0 

2-1 

25 

0 

0 

0 

0 

25 

26 

0 

0 

0 

O 

26 

27 

1 

4 

0.137 

0.138 

27 

28 

0 

0 

0 

0 

28 

29 

0 

0 

0 

0 

29 

30 

Toi>il 

0  0 

149  517 

Starter0 

0 

0 

0 

i 

— 

— 

— 

— 

1 

2 

0 

0 

0 

0 
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TABLE  B2  (continued) 


Usage  interval, 
t  aus  af  miles 

Replacement 

jabs 

Ports 

replaced 

Replacement 

jabs 

per  vehicle 

Parts 

replacement 
per  part 

Greater  than 
ar  equal  ta 

Loss  than 

20 

1 

1 

0.01 ' 

0.01 1 

20 

21 

1 

l 

0.019 

0.0.10 

21 

•to 

t 

1 

0.021 

0.021 

•»  » 

21 

0 

0 

0 

0 

2.1 

21 

0 

0 

0 

0 

21 

2.1 

1 

1 

0.011 

0.0.11 

2.1 

26 

0 

0 

0 

0 

26 

■>- 

0 

0 

0 

0 

•r 

28 

0 

0 

0 

0 

28 

29 

;) 

0 

0 

0 

2  u 

10 

0 

0 

0 

0 

Total 

87 

87 

— 

— 

Fuel  Pump0 

0 

\ 

1 

i 

1 

0.016 

0.016 

o 

1 

i 

1 

0.010 

0.010 

1 

4 

fi 

.1 

0.01,1 

0.01.1 

1 

1 

o 

o 

0.006 

0.006 

T> 

6 

i 

1 

0.009 

0.009 

(. 

7 

•> 

<) 

0.006 

0.006 

~ 

8 

i 

1 

0.001 

0.001 

8 

9 

2 

2 

0.006 

0.006 

9 

10 

i 

i 

0.001 

0.001 

10 

11 

8 

8 

0.021 

0.021 

11 

12 

9 

9 

0.026 

0.026 

12 

1.1 

1 

.1 

0.010 

0.010 

i:i 

14 

l 

1 

0.01.1 

0.01.1 

1 1 

11 

4 

4 

0.017 

0.017 

ir> 

16 

4 

1 

0.019 

0.019 

ifi 

17 

1 

1 

0.006 

0.006 

17 

18 

2 

2 

0.014 

0.01 4 

18 

19 

4 

4 

0.03.1 

0.01,1 

1 9 

20 

1 

1 

0.011 

0.034 

20 

21 

1 

.1 

0.048 

0.048 

21 

22 

0 

0 

0 

0 

22 

21 

1 

1 

0.010 

0.030 

21 

24 

1 

1 

0.017 

0.037 

21 

2.1 

0 

0 

0 

0 

21 

26 

0 

0 

0 

0 

26 

27 

0 

0 

0 

0 

27 

28 

0 

0 

0 

0 

28 

29 

0 

0 

0 

0 

29 

10 

0 

0 

0 

0 

Total 

69 

69 

— 

— 

Brake  Cylinder0 

0 

1 

1 

2 

0 

0 

0 

0 
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TABLE  B2  (continued) 


Usoge  interval, 
thou*  of  miles 

Replacement 

lobt 

Ports 

replaced 

Replacement 

jobs 

per  vehicle 

Ports 

replacement 
per  port 

Gr«ot«r  than 
or  equal  to 

Lets  thon 

2 

3 

1 

1 

0.003 

0.003 

3 

4 

0 

0 

0 

0 

i 

5 

0 

0 

0 

0 

5 

(i 

0 

0 

0 

0 

6 

7 

0 

0 

0 

0 

7 

8 

1 

1 

0.003 

0.003 

8 

0 

1 

1 

0.003 

0.003 

Q 

10 

0 

0 

0 

0 

10 

M 

1 

1 

0.00.3 

0.00.3 

11 

12 

0 

0 

0 

0 

12 

13 

2 

o 

0.007 

0.007 

n 

14 

i 

1 

0.004 

0.004 

14 

IS 

i 

1 

0.00  4 

0.004 

IS 

16 

0 

0 

0 

0 

16 

17 

0 

0 

0 

0 

IT 

18 

0 

0 

0 

0 

18 

10 

0 

0 

0 

0 

10 

20 

1 

7 

0.011 

0.011 

20 

21 

0 

0 

0 

0 

21 

Cl 

C4 

0 

0 

0 

0 

22 

23 

0 

0 

0 

0 

2.1 

24 

0 

0 

0 

0 

24 

2S 

0 

0 

0 

0 

25 

26 

0 

0 

0 

0 

26 

07 

0 

0 

0 

0 

07 

28 

0 

0 

0 

0 

28 

20 

0 

0 

0 

0 

20 

30 

0 

0 

0 

0 

Total 

Q 

0 

— 

— 

Suspension  Arm^ 

0 

1 

1 

2 

0 

0 

0 

0 

•> 

3 

1 

1 

0.003 

0.002 

1 

4 

0 

0 

0 

0 

4 

5 

1 

1 

0.003 

0.001 

!> 

6 

2 

2 

0.006 

0.003 

6 

7 

0 

0 

0 

0 

7 

8 

0 

0 

0 

0 

H 

0 

0 

0 

0 

0 

0 

10 

2 

3 

0.00.3 

0.004 

10 

11 

o 

2 

0.005 

0.003 

11 

12 

0 

0 

0 

0 

1  - 

13 

•1 

2 

0.007 

0.003 

11 

1  1 

0 

0 

0 

0 

i  i 

IS 

0 

0 

0 

0 

IS 

16 

0 

0 

0 

0 

It. 

17 

0 

0 

0 

0 

i: 

18 

0 

0 

0 

0 
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TABLE  B2  (continued) 


Usage  nterval, 
thaus  af  miles 

Replacement 

lobs 

Parts 

replaced 

Replacement 

jabs 

per  vehicle 

Parts 

replacement 
per  part 

Greater  than 
oi  equal  to 

Less  than 

nt 

1*1 

0 

0 

0 

(> 

i>* 

20 

0 

0 

0 

0 

JO 

21 

0 

0 

(} 

0 

21 

.»•> 

0 

0 

0 

0 

.»•> 

28 

0 

0 

0 

(1 

2I1 

21 

0 

0 

0 

0 

21 

2.') 

0 

0 

0 

0 

''T 

26 

0 

0 

0 

0 

20 

•>7 

0 

0 

0 

(1 

r 

28 

0 

0 

0 

0 

28 

2<> 

0 

0 

0 

0 

2*> 

:t(> 

0 

0 

0 

0 

Tot  11I 

10 

11 

— 

— 

Tirec 

0 

1 

1 

•> 

1 

11 

0.021 

0.011 

■> 

3 

•> 

7 

O.OOT 

0.006 

t 

1 

■> 

0 

0.006 

0.002 

i 

”l 

1 

() 

0.012 

0.005 

(l 

1 

<) 

0.012 

O.OOT 

r> 

7 

:i 

1 

0.008 

0.003 

7 

8 

7 

12 

0.020 

0.009 

h 

9 

r> 

10 

0.011 

O.OOT 

<) 

10 

6 

6 

O.OIti 

0.00 1 

• 

11 

8 

1; 

0.021 

0.011 

11 

12 

12 

21 

o.o:t  1 

0.016 

12 

i:i 

8 

1 1 

0.026 

0.012 

13 

1 1 

7 

1 1 

0.026 

0.011 

1 1 

is 

6 

16 

0.025 

0.018 

IS 

16 

6 

10 

0.02T 

0.013 

if) 

IT 

9 

1  1 

0.018 

0.026 

IT 

18 

1 

7 

0.02T 

0.01.3 

III 

10 

3 

T) 

0.025 

0.012 

19 

20 

;t 

8 

0.032 

0.024 

20 

21 

0 

8 

0.029 

0.0.35 

21 

22 

1 

1 

0.021 

0.005 

‘V) 

2.1 

2 

:t 

0.05T 

0.026 

2:t 

21 

1 

1 

0.0.33 

0.011 

21. 

25 

0 

0 

0 

0 

25 

26 

0 

0 

0 

0 

26 

O- 

0 

0 

0 

0 

28 

0 

0 

0 

0 

28 

20 

0 

0 

0 

0 

29 

20 

0 

0 

0 

0 

Total 

109 

209 

— 
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TABLE  B2  (continued) 


Usage  interval, 
thous  of  miles 

Replacement 

jabs 

Parts 

replaced 

Replacement 

jabs 

per  vehicle 

Parts 

replacement 
per  port 

Greater  than 
or  equal  to 

Less  than 

1 1 

i". 

•i 

j 

O.OOH 

O.tKIH 

r> 

it. 

7 

7 

0.017 

0.017 

it. 

17 

(> 

(. 

0.011 

turn 

17 

IH 

0 

0 

0 

0 

IB 

l» 

1 

\ 

0.071 

0.071 

l>! 

no 

'» 

■  > 

0.077 

0.077 

71 

H 

> 

0.070 

0.0H‘> 

71 

•r> 

i 

i 

0.010 

0.010 

7.1 

0 

0 

0 

0 

71 

71 

1 

1 

0.011 

0.011 

71 

7". 

1 

1 

0.010 

0.010 

H.*> 

no 

0 

0 

0 

0 

-l(i 

•>- 

0 

0 

0 

0 

•r 

Hi  I 

0 

0 

0 

0 

'7K 

20 

0 

0 

0 

0 

7<) 

to 

0 

0 

0 

0 

Tot  «l 

107 

107 

— 

— 

Wa»»  Pump1' 

1 

0 

0 

0 

0 

i 

0 

0 

0 

0 

:l 

t 

1 

1 

0.001 

0.001 

1 

:> 

0 

0 

0 

0 

*i 

(> 

0 

0 

0 

0 

(l 

7 

1 

1 

(.  XU 

0.001 

7 

H 

0 

0 

0 

0 

H 

0 

1 

1 

0.001 

0.001 

<) 

It) 

1 

1 

0.003 

0.001 

it? 

1 1 

0 

0 

n 

0 

1 1 

17 

l 

1 

0.001 

0.001 

17 

11 

1 

1 

0.001 

0.00.1 

1:1 

1 1 

«> 

o 

O.OOH 

O.OOH 

1 1 

17. 

0 

0 

0 

0 

is 

U> 

0 

0 

0 

0 

Hi 

17 

0 

0 

0 

0 

IT 

;t 

0 

0 

0 

0 

IH 

10 

0 

0 

0 

0 

l<) 

70 

0 

0 

0 

0 

70 

71 

0 

0 

0 

0 

71 

•>n 

0 

0 

0 

0 

22 

7.1 

0 

0 

0 

0 

7.1 

71 

0 

0 

0 

0 

71 

77) 

1 

1 

0.05H 

0.0!>H 

77) 

7f> 

0 

0 

0 

0 

116 

•>7 

0 

0 

0 

0 

* 
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TABLE  B2  (continued) 


Usage  interval, 
thaus  of  miles 

Replacement 

jabs 

Parts 

replaced 

Replacement 

jobs 

per  vehicle 

Ports 

replacement 
per  part 

i 

Greater  than 
or  equal  ta 

- , 

Lass  than 

27 

28 

0 

0 

0 

0 

28 

29 

0 

0 

0 

0 

29 

30 

0 

0 

0 

0 

Total 

9 

9 

— 

— 

ttOne  per  vehicle. 

‘’Two  per  vehicle.  , 

ch'otir  per  vehicle. 

^Hased  on  the  (fetail  sample  (see  Chap.  1). 


TABLE  B3 

Replacement  Rates  and  Hazard  Rates  lor  M151  Engines,  by  Replacement  Order 


a.  Replacement!  per  Usage  Interval 


Usage  interval, 
thaus  af  miles 

Replacements 
already  experienced 

Vehicles  yet  ta 
experience  replacement 

Greater  than 
or  equal  ta 

Less  than 

1st 

.  I 

2d 

1 

All 

1st 

2d 

All 

0 

1 

2 

0 

o 

762 

762 

762 

1 

2 

3 

0 

3 

759 

761 

761 

2 

3 

4 

0 

4 

750 

755 

755 

3 

4 

2 

0 

2 

738 

747 

747 

4 

5 

6 

0 

6 

725 

735 

735 

5 

6 

3 

1 

4 

705 

720 

720 

6 

l 

4 

0 

1 

692 

709 

710 

7 

8 

2 

0 

2 

659 

679 

680 

8 

9 

6 

1 

7 

613 

633 

634 

9 

10 

6 

0 

6 

575 

597 

598 

10 

11 

3 

1 

4 

524 

549 

550 

11 

12 

5 

0 

5 

460 

482 

484 

12 

13 

4 

1 

5 

372 

391 

’>392 

13 

14 

3 

1 

4 

293 

313 

315 

It 

15 

3 

0 

3 

242 

258 

260 

15 

16 

1 

0 

1 

199 

216 

218 

16 

17 

3 

0 

3 

157 

170 

172 

17 

18 

1 

0 

1 

127 

137 

138 

18 

’9 

1 

1 

2 

103 

112 

113 

19 

20 

2 

0 

2 

79 

86 

88 

20 

21 

1 

1 

2 

56 

63 

63 

21 

22 

0 

0 

0 

41 

46 

46 

22 

23 

0 

0 

0 

30 

35 

35 

23 

24 

0 

0 

0 

24 

28 

28 

118 


RAC-T-479 


FOR  OFFICIAL  USE  ONLY 


FOR  OFFICIAL  USE  ONLY 


TABLE  B3  (continued) 


c.  Cumulative  Rate  per  Usage  Interval 


Usc>^9  interval, 
thou*  of  miles 

All  vehicles 

Greater  than 
or  equal  to 

Less  than 

1st 

1  “ 

All 

0 

1 

0.003 

0 

0.003 

1 

O 

0.007 

0 

0.007 

2 

3 

0.012 

0 

0.012 

3 

4 

0.015 

0 

0.015 

4 

5 

0.023 

0 

0.023 

S 

6 

0.027 

0.001 

0.028 

6 

n 

0.032 

0.001 

0.034 

7 

8 

0.035 

0.001 

0.037 

8 

9 

0.045 

o.oo: 

0.048 

9 

10 

0.055 

0.003 

0.058 

10 

11 

0.060 

0.005 

0.065 

11 

12 

0.070 

0.005 

0.075 

12 

13 

0.080 

0.007 

0.088 

13 

14 

0.090 

0.010 

0.100 

H 

15 

0.101 

0.010 

0.112 

15 

16 

0.106 

0 

0.116 

16 

17 

0.123 

0 

0.133 

17 

18 

0.130 

0.010 

0.140 

18 

19 

0.138 

0.019 

0.157 

19 

20 

0.160 

0.019 

0.179 

20 

21 

0.175 

0.035 

0.210 

21 

22 

0 

0 

0 

22 

23 

0 

0 

0 

23 

24 

0.175 

0 

0.210 

24 

25 

0.226 

0 

0.261 

25 

26 

0.226 

0 

0 

26 

27 

0 

0 

0 

27 

28 

0 

0 

0 

28 

29 

0 

0 

0 

29 

30 

0.226 

0.035 

0.261 
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TABLE  B4 

Replacement  Rates  and  Hazard  Rotes  far  M 151  Transmissions,  bv  Replacement  Order 


a.  Replacement!  per  Usage  interval 


Usage  «nte<  ,al, 
thous  of  miles 

Replacements 
ady  experienced 

Vehicles  yet  to 
experience  replacement 

Greater  thon 
or  equol  to 

Less  thon 

1st 

2d 

1 

3d 

All 

1st 

2d 

3d 

All 

0 

1 

6 

0 

0 

6 

762 

762 

762 

762 

1 

■i 

3 

0 

0 

3 

755 

761 

761 

761 

o 

3 

■i 

1 

0 

3 

7 16 

755 

755 

755 

:i 

1 

l 

0 

0 

1 

736 

746 

747 

747 

t 

5 

0 

0 

■ 

722 

7.31 

7.35 

735 

3 

6 

3 

0 

0 

3 

700 

719 

720 

720 

6 

i 

1 

0 

8 

688 

709 

7’0 

710 

- 

8 

3 

1 

0 

6 

655 

678 

680 

t>80 

8 

9 

~ 

0 

1 

8 

606 

631 

634 

634 

9 

10 

12 

2 

0 

11 

569 

595 

597 

598 

10 

il 

12 

1 

0 

1.3 

514 

545 

549 

550 

11 

12 

13 

1 

0 

14 

447 

480 

183 

484 

12 

1.1 

l 

1 

0 

5 

.354 

388 

391 

392 

1.3 

14 

3 

1 

11 

285 

311 

314 

315 

14 

15 

1 

3 

0 

- 

231 

254 

259 

260 

15 

16 

1 

0 

0 

4 

191 

210 

217 

218 

16 

17 

8 

1 

1 

10 

152 

167 

171 

172 

17 

18 

1 

2 

0 

ta 

118 

1.33 

136 

138 

18 

19 

0 

1 

t 

*■> 

97 

109 

111 

113 

10 

20 

0 

1 

0 

•1 

73 

84 

86 

88 

20 

21 

1 

1 

0 

3k 

55 

61 

62 

63 

21 

22 

2 

0 

0 

n 

39 

44 

45 

46 

22 

23 

0 

0 

0 

0 

28 

.33 

34 

35 

2.3 

21 

1 

0 

0 

1 

23 

26 

27 

28 

21 

25 

1 

0 

0 

1 

14 

17 

17 

18 

25 

26 

0 

0 

0 

0 

8 

10 

10 

11 

26 

27 

0 

0 

0 

0 

6 

< 

7 

27 

28 

0 

0 

0 

0 

3 

4 

4 

4 

28 

29 

0 

0 

0 

0 

1 

1 

1 

1 

29 

30 

0 

0 

0 

0 

1 

1 

1 

1 

Total 

116 

20 

3 

1 4 1 0  • b 

9579 

9975 

10.026 

10,046 
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TABLE  B4  (continued) 


b.  Rote  per  Vehicle  per  Utoge  Interval 


I'sage  interval, 
thous  of  miles 

Vehicles  yet  to 
experience  replacement 

All  vehicles 

Greater  than 
or  equal  ta 

Less  than 

1st 

2d 

3d 

1st 

2d 

3d 

All 

0 

1 

0.008 

0 

0 

0  008 

0 

0 

0.008 

1 

•) 

0.00 1 

0 

0 

0.004 

0 

0 

0.001 

2 

3 

0.003 

0.001 

0 

0.003 

o.ooi 

0 

0.004 

3 

4 

0.005 

0 

0 

0.005 

0 

0 

0.005 

4 

5 

0.010 

0 

0 

0.010 

0 

0 

0.010 

5 

6 

0.004 

0 

0 

0.004 

0 

0 

0.001 

6 

7 

0.010 

0.001 

0 

0.010 

o.ooi 

0 

0.011 

4 

8 

0.008 

0.001 

0 

0.007 

0.001 

0 

0.009 

8 

9 

0.012 

0 

0.002 

0.011 

0 

0.002 

0.013 

9 

10 

0.021 

0.003 

0 

0.020 

0.003 

0 

0.023 

10 

11 

0.023 

o.oo: 

0 

0.021 

0.002 

0 

0.02.3 

11 

12 

0.029 

0.002 

0 

0.026 

0.002 

0 

0.028 

12 

13 

0.011 

0.003 

0 

0.010 

0.003 

0 

0.012 

13 

14 

C.025 

0.010 

0.003 

0.021 

0.010 

0.00.3 

0.034 

11 

15 

0.01? 

0.012 

0 

0.015 

0.012 

0 

0.026 

IS 

16 

0.021 

0 

0 

0.017 

0 

0 

0.017 

16 

17 

0.053 

0.0C6 

0.006 

0.043 

0.006 

0.006 

0.054 

IT 

18 

0.008 

0.015 

0 

0.006 

0.014 

0 

0.028" 

18 

19 

0.0' 0 

0.009 

0 

0.008 

0.009 

0 

0.016 

19 

20 

C  014 

0.012 

0 

0.010 

0.011 

0 

0.021 

20 

21 

0.018 

0.016 

0 

0.013 

0.015 

0 

0.045b 

21 

on 

0.051 

0 

0 

0.037 

0 

0 

0.037 

22 

23 

0 

0 

0 

0 

0 

0 

0 

23 

24 

0.043 

0 

0 

0.030 

0 

0 

0.030 

24 

25 

0.071 

0 

0 

0.047 

0 

0 

0.047 

25 

26 

0 

0 

0 

0 

0 

0 

0 

26 

27 

0 

0 

0 

0 

0 

0 

0 

27 

28 

0 

0 

0 

0 

0 

0 

0 

28 

29 

0 

0 

0 

0 

0 

0 

0 

29 

30 

0 

0 

0 

0 

0 

0 

0 

V 
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TABLE  B4  (continued) 


c.  Cumulative  Rote  per  Usage  Interval 


Usage  intervol, 
thous  of  miles 

All  vehicles 

Less  thon 

1st 

2d 

3d 

All 

or  equol  to  1 

0 

1 

0.008 

0 

0 

0.008 

1 

0.012 

0 

0 

0.012 

•> 

:i 

0.01  t 

0.001 

0 

0.016 

3 

1 

0.020 

0 

0 

0.02! 

r> 

0.029 

0 

0 

0.031 

.4 

(i 

0.033 

0.001 

0 

0.0.35 

6 

7 

0.013 

0.003 

0 

0.0 16 

7 

8 

0.051 

0.001 

0 

0.055 

8 

9 

0.061 

0.001 

0.002 

0.067 

9 

10 

nnoi 

0.0O8 

0 

0.091 

10 

1! 

0.103 

0.009 

0 

0.111 

11 

12 

0.129 

O.Oll 

0 

0.142 

l: : 

13 

0.139 

0.011 

0.002 

0.151 

13 

11 

0.160 

0.023 

0.005 

0.188 

It 

15 

0.171 

0.035 

0.005 

0.211 

15 

16 

0.192 

0.035 

0.005 

0.2.32 

16 

IT 

0.231 

0.011 

0.01 1 

0.286 

17 

18 

0.211 

0.055 

0 

0.311“ 

18 

19 

0.219 

0.06! 

0 

0.330“ 

19 

20 

0.259 

0.075 

0 

0.352“ 

20 

21 

0.272 

0.090 

0 

0.396“,b 

21 

22 

0.310 

0 

0 

O.I34a’b 

22 

23 

0.310 

0 

0 

0.1.3!“-b 

2.1 

21 

0.310 

0 

0 

0.16t“-b 

21 

25 

0..387 

0 

0 

0.51 l"'b 

25 

26 

0 

0 

0 

0 

26 

27 

0 

0 

0 

0 

27 

28 

0 

0 

0 

0 

28 

29 

0 

0 

0 

0 

29 

30 

0.387 

0.090 

0.011 

0.51  l“’b 

‘'Includes  one  fourth-order  replacement. 

i  _  r 

"linlinlcs  mi"  f i f l }i -order  replacement. 


GRAPHS 

The  graphs  of  rates  for  each  part  are  cumulative  plots  of  the  rates  pre¬ 
sented  tabularly  (see  Fig.  Bl).  The  cumulative  form  was  used  to  show  the  data 
more  smoothly  and  because  eyeball  extrapolation  of  cumulative  replacement 
rates  to  t  le  50  percent  level  can  give  rough  ideas  of  mean  lives.  The  plots  are 
cut  off  at  19,000  miles,  the  last  point  at  which  the  sample  size  was  at  least  100; 
thereafter  it  was  regarded  as  small. 


RAC-T-479 


123 


FOR  OFFICIAL  USE  ONLY 


FOR  OFFICIAL  USE  ONLY 


CUMULATIVE  REPLACEMENTS  CUMULATIVE  REPLACEMENTS 

PER  100  VEHICLES  PER  100  VEHICLES  CUMULATIVE  REPLACEMENTS  PER  100  VEHICLES 


FOR  OFFICIAL  USE  ONLY 


CUMULATIVE  REPLACE. 

MENTS  PER  100  CUMULATIVE  REPLACEMENTS  PER 

VEHICLES  CUMULATIVE  REPLACEMENTS  PER  100  VEHICLES  100  VEHICLES 


FOR  OFFICIAL  USE  ONLY 


RAC 


40 


30 


20 


10 

0 


Fig.  B1 — Continued 


T-479 


1 


FOR  OFFICIAL  USE  ONLY 


FOR  OFFICIAL  USE  ONLY 


Appendix  C 

LIFETIME  NOTES 

Introduction  130 

Vehicle  Lifetimes  130 

Lifetime  Technique  Used  in  Chap.  6  131 

Least-Cost  Lifetime'.  133 

Least-Cost-Lifetime  Technique  140 

Figures 

Cl.  Role  Life  and  Generation  Role  Life  Depicted  131 

C2.  Maximum  Acquisition  Cost  of  Replacement  Vehicles  for 
Which  Replacement  of  Issued-New  M151's  by  Vehicles 
Having  the  Same  Maintenance  Costs  as  the  Degraded 

Estimate  Is  Justified  on  a  Cost  Basis  Alone  135 

C3.  Hypothetical  Maintenance  Costs  of  Overhauled  M151’s 
Compared  with  Projected  Degraded  Maintenance  Costs 

of  M151’s  Issued  New  137 

C4.  Maximum  Acquisition  Cost  of  Replacement  Vehicles  for 
Which  Replacement  of  Issued-New  M151’s  by  Vehicles 
Having  Higher  Maintenance  Costs  Is  Justified  on  a  Cost 

Basis  Alone  137 

C5.  Replacement  Policies  Giving  Minimum-Cost  Role  Lives 

for  Various  Replaeement-Vehiele  Costs.  138 

C6. 

Tables 

Cl.  Effect  of  Replaeement-Vehiele  Cost  on  Least-Cost 

Lifetime  of  Issued-Nev.'  M151’s  139 

C2.  Value  of  Cost  Parameters  Used  in  Analysis  of  Least- 

Cost  Lifetimes  141 


RAC-T-479  129 


FOR  OFFICIAL  USE  ONLY 


FOR  OFFICIAL  USE  ONLY 


INTRODUCTION 

This  appendix  discusses  three  topics  of  vehicle  and  Ml 51  lifetime  in  gen¬ 
erally  more  technical  detail  than  Chap.  6.  First  the  lifetime  problem  is 
described  and  set  in  a  more  specific  context.  Then  a  mathematical  statement 
of  the  technique  used  to  derive  the  computed  lifetimes  of  Chap.  6  is  presented. 
The  final  two  sections  consider  only  the  cost  aspects  of  Ml 51  operation  and  de¬ 
rive  least-cost  lifetimes  for  cases  in  which  the  replacement  vehicle  is  per¬ 
mitted  to  have  different  acquisition  costs  and  different  maintenance  costs  from 
those  derived  in  this  study  for  M151’s. 


VEHICLE  LIFETIMES 
Background 

In  C  p.  1  the  basic  viewpoint  of  vehicle  lifetime  taken  in  this  study  was 
outlined.  Briefly,  this  view  was  that  vehicle  life  is  characterized  by  increasing 
costs  and  decreasing  performance  as  the  vehicle  ages  (substantiated  for  the 
M151  in  Chaps.  3,  4,  and  5);  a  clear-cut,  irrevocable  death  such  as  ends  biologi¬ 
cal  life  does  not  occur  in  vehicle  life;  vehicle  life  occurs  in  a  dynamic  environ¬ 
ment  in  which  the  role  the  vehicle  was  bought  to  fill  is  changing  in  nature  and 
relative  importance,  the  efficiency  with  which  the  vehicle  is  supported  may 
change,  and  the  best  kind  of  vehicle  today’s  technology  can  produce  to  fill  the 
role  is  different  in  cost  and  performance  from  yesterday’s.  It  was  also  noted 
that  the  determination  of  military  vehicle  lifetimes  includes  the  problem  of  mak¬ 
ing  value  judgments  by  which  costs  specified  in  monetary  terms  and  performance 
specified  in  nonmonetary  terms  may  be  considered  in  combination. 

Role  and  Role  Life 

It  is  useful  to  introduce  the  notions  of  “role"  and  “role  life”  in  establish¬ 
ing  a  clearer  framework  in  which  to  view  the  vehicle  lifetime  problem  because 
vehicles  are  bought  to  fill  a  role  and  the  fleet  managers’  goal  is  taken  to  be  to 
optimize  the  filling  of  the  role.  The  period  of  time  for  which  the  optimization 
is  to  be  achieved  will  be  generally  called  “role  life.” 


130 


RAC-T-479 


FOR  OFFICIAL  USE  ONLY 


FOR  OFFICIAL  USE  ONLY 


The  idea  of  role  life  is  depicted  in  Fig.  Cl.  Role  life  is  the  time  during 
which  the  role  contributes  significantly  to  Army  operations.  The  time  during 
which  the  M151  is  the  preferred  model  of  ‘/4-ton  truck  in  the  role  is  referred  to 
as  the  M151  role  life  or  the  role  life  of  the  M151  generation. 


-  I4.t 

on-truck  role  life 

-  Ml  51  - 

generation 
role  life 

Earlier 
model  s 

M38 

series 

MI  51  '  ? 

i 

_ ‘ 

i _ i _ 

Inception  of  Present 

b-tcn  trucks 
in  present  role 

Time  — » 


_ I 

End  of  1 4-ton 
trucks  in 
present  role 


Fig.  Cl— Role  Life  ond  Generotion  Role  Life  Depicted 


This  study  did  not  attempt  to  establish  what  the  Vi-ton-truck  role  life  is. 
Rather,  its  considerations  of  the  idea  of  role  life  led  to  the  conclusion  that  the 
7,-ton-truck  role  life  is  considerably  less  relevant  to  the  choice  of  an  M151 
lifetime  than  is  the  generation  life  oi  M151’s,  assuming  that  at  least  one  or  two 
generations  of  7,,-ton  trucks  will  be  appropriate  after  the  M15X  generation.  The 
basis  of  this  view  is  that  the  choice  of  when  to  introduce  a  new  generation  of 
vehicles  should  be  made  essentially  independent  of  considerations  of  the  age  of 
the  current  vehicles  as  long  as  vehicles  age  at  rates  at  least  comparable  to  the 
rate  at  which  technological  advances  make  desirable  the  introduction  of  new 
models  and  any  particulai  new  model  is  introduced  into  the  fleet  gradually  over 
a  time  period  at  least  as  long  as  vehicle  lifetimes.  Such  a  situation  means  that 
whenever  a  new  model  is  to  be  introduced,  some  vehicles  of  the  current  model 
will  be  of  sufficient  age  that  when  they  are  displaced  by  new  model  vehicles 
little  good  vehicle  life  will  be  lost.  The  introduction  of  a  new  model  when  much 
of  the  current  fleet  is  relatively  new  would,  on  the  other  hand,  be  costly  for  that 
reason.  The  Army  7,-ton  truck  fleet  has  the  desirable  characteristics  mentioned, 
and  hence  the  introduction  of  new  models  may  be  made  at  a  time  chosen  inde¬ 
pendently  of  consideration  of  current  vehicle  ages. 

Thus  the  lifetime  problem  for  M151’s  may  be  confined  to  choosing  a  re¬ 
placement  age  that  optimizes  the  filling  of  the  M151  generation  role  life. 


LIFETIME  TECHNIQUE  USED  IN  CHAP.  6 

The  lifetime  technique  used  to  compute  lifetimes  in  Chap.  6  is  presented 
here  in  mathematical  terms.  As  was  noted  in  Chap.  1,  any  procedure  in  which 
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cost  and  performance  are  considered  jointly  and  weighed  against  each  ether  in¬ 
volves  making  value  judgments  of  the  kind  “performance  level  x  is  worth  cost 
y  but  not  cost  i."  The  technique  described  here  incorporates  a  relatively  sim¬ 
ple  value  system,  although  to  describe  it  fully  would  be  very  complex.  Basically 
the  three  elements  considered— cost,  performance,  and  obsolescence— were 
given  their  natural  weight;  thus  a  value  half  that  of  another  was  regarded  as 
half  as  good  or  twice  as  good  depending  on  whether  it  was  desirable  to  have  it 
high  or  low. 

Technique 

The  in-use  effective  life  of  the  equipment  under  study  is  defined  as  the  age 
at  which  the  minimum  of  a  specific  mathematical  function  occurs  when  the 
function’s  parameters  are  those  determined  f  rom  field  experience  data. 

Two  monetary  costs  are  considered:  initial  investment  cost  and  mainte¬ 
nance  cost.  Costs  are  amortized  in  equal  amounts  for  each  time  period  remain¬ 
ing  in  the  life  of  the  item  beginning  with  the  time  period  in  which  the  cost  was 
incurred.  Costs  are  allocated  against  a  defined  effectiveness  by  attributing  the 
effectiveness  over  a  finite  time  period  to  the  total  of  the  costs  amortized  in  the 
same  time  period. 

Relative  effectiveness  is  defined  as  a  product  of  three  factors:  a  measure 
of  technological  competitiveness  (the  obverse  of  obsolescence),  a  measure  of 
equipment  reliability,  and  a  measure  of  equipment  availability. 

The  model  ars-med  that  relative  competitiveness  C(t)  decays  in  time  con¬ 
tinuously  and  exponentially  as  C(t)  =  (1  +  i)  1  where  i  is  the  obsolescence  rate 
expressed  as  the  ratio  of  competitiveness  lost  during  a  unit  of  time  to  the  com¬ 
petitiveness  at  the  beginning  of  the  unit  of  time.  With  this  convention, relative 
competitiveness  can  always  be  assigned  unit  value  at  an  arbitrary  zero  time. 

Reliability  in  unit  time  is  defined  by  R(t)  =  1  —  h(t ),  where  h(t)  is  the  fre¬ 
quency  of  equipment  failures  per  end  item  per  time  unit.  The  formula  is  an 
approximation  to  ?  h(t’.  The  latter  form  must  be  used  when  h(t)  is  not  small. 

Availability  is  defined  by  A(t)  1  -  >h(t),  where  >  is  the  mean  time  out  of 
service  per  equipment  failure.  The  formula  is  an  approximation  to  1 /[  1  *  Ah(t)] 
for  small  values  of  the  product  >h(t). 

The  condensed  symbolic  statement  of  relative  effectiveness,  q(t),  is 
q (t)  C(t)  •  R(t )  •  A (t). 

A  perfect  ageless  item  would  have  to  have  no  decay  in  competitiveness 
(i  -  0)  and  no  failures  during  use  3t(0  =  0] .  The  relative  effectiveness  of  such 
an  item  remains  at  unit  value  indefinitely.  Real  items  have  changing  effective¬ 
ness  values  of  less  than  unity. 

The  model  combines  costs  and  effectiveness  by  forming  an  unlimited  num¬ 
ber  of  quotients  c(t)/q  (t)  that  may  be  regarded  as  expressing  an  amortized  cost 
per  unit  of  perfect  effectiveness  at  time  t.  The  model  determines  the  mean 
E(  T)  of  the  quotients  over  a  life  T.  The  effective  in-use  life  is  defined  as  the 
age  T  for  which  E(T)  is  minimum. 

The  mathematical  statement  E(T)  is  a  specific  construct  using  the  ideas 
and  notation  introduced  above.  Let  I  be  the  cost  of  replacing  the  item,  c,  the 
cost  of  maintenance  in  time  period  i,  and  q,  the  relative  effectiveness  in  time 
period  i.  For  discrete  intervals  the  average  cost  per  unit  of  perfect  effective¬ 
ness  at  the  end  of  the  first  time  period  isd  *  c j )  q j ;  after  the  second  period  it  is 
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1  21(1  2  .f |  2)  q,  (I  2  i  f|  2  .  i'_.)  q.»l;  at  tho  end  of  the  nth  period  it  is 

I  ii  |  (I  Hi  c  |  nl  q,  !l  n  1 1  ii  i  (•.,  (ii  !)|  q,  ....  It  n  ,  c,  n  .  r.,  (h  11  ....  •  r„  (  2  t 
‘  ii  l  }  ‘ 

A  rearrangement  of  the  last  expression  gives  the  following  equation  as  the 
average  cost  per  unit  of  perfect  effectiveness  per  time  period  at  the  end  of  h 
periods. 


f:  (ii) 


i  ii  i,:  /  i 

ii  ii  fi  q,  ^ii  *  ■  i  ■  > 


The  model  for  discrete  intervals  has  been  made  continuous  by  deriving 
the  limiting  form  as  the  time  periods  are  made  arbitrarily  small  and  the  age 
t  represented  by  the  ii  original  intervals  is  held  constant,  to  yield 


LOt 


I  I  1 1  its  ^  i  i  (s)  ^i  dr 

II  ii  <;(.<)  o  I  s  .<  q(r) 


as  the  average  cost  over  age  t  oer  unit  of  perfect  effectiveness  per  unit  of  time 
ataget.  The  effectiveness  function  q  (s )  is  q(  s)  (1  'i)  s  !.l "  h  ( s  )J  11  ~  a|i(s)J  - 
The  term  h  (s)  was  approximated  from  field  data  by  It  (s)  a  1  bs ,  and  q(s)  was 
then  quite  well  approximated  by  q (s)  fe  As  .  The  maintenance  cost  functionc(s) 
was  approximated  from  field  data  by  c (s )  A  1  Bs  .  Introducing  these  functions 
into  the  expression  for  E(t)  gives 

Ed)  iji/-  Jl.  ,  ('  |-  J’-dA 

t  I  l  0  f,.  M-  0  (  '  *  s  JV  Hr  ) 


Integrating  E(t)  yields  the  following  working  expression  used  in  this  study 
for  the  average  cost  per  unit  of  perfect  effectiveness  per  unit  of  time  over  aget. 


Ed) 


I  (<•«'  -) 

fttr 


(-  jit)m 
f  i|l  m  1  m(m !) 


lit  ~  (-jg)" 

f  fll  m  1  m(im  1)1 


E(t)  is  evaluated  for  values  of  t  until  T  such  that  E(T)  'minimum  E(l)  is 
found.  T  is  the  defined  effective  in-use  life  of  the  item. 


Parameters  Used 

Because  the  technique  requires  linear  projections  of  maintenance  costs 
and  breakdown  rate,  the  projections  of  Chaps.  4  and  5  were  modified  by  fitting 
a  least- squares  line  in  the  interval  G  to  50,000  miles  to  the  degraded  projections 
of  each  parameter. 


LEAST -COST  LIFETIMES 


In  this  section  the  implications  of  costs  of  acquisition  and  maintenance  for 
M151  lifetime  are  treated  without  reference  to  performance.  Although  as  a  con¬ 
sequence  this  analysis  is  less  appropriate  than  that  of  Chap.  6  as  a  basis  for 
the  final  lifetime  decision,  its  greater  simplicity  permits  the  consideration  of 
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some  matters  less  tractable  in  Chap.  6.  In  particular,  the  effect  of  the  acquisi¬ 
tion  cost  and  maintenance  cost  of  potential  replacement  vehicles  on  the  least- 
cost  liletime  are  determined.  The  least-cost  lifetime  is  also  shown  to  depend 
on  the  period  of  time  for  which  the  l4- ton-truck  role  is  to  be  filled  by  current- 
generation  vehicles.  A  major  conclusion  concerning  Ml 51  overhaul,  stated 
briefly  near  the  end  of  Chap.  6,  is  formed. 

Procedure 

For  the  least-cost  lifetime  analysis  the  fleet  management  goal  is  assumed 
to  be  to  render  '/^-ton-truck  miles  at  minimum  cost,  starting  with  a  fleet  of  new 
M151’s  that  cost  $2900  each  to  acquire  and  have  age-dependent  maintenance 
costs  as  shown  in  Fig.  47.  The  fleet  size  is  assumed  to  remain  constant.  The 
period  of  time  over  which  the  least- cost  goal  is  to  be  achieved  is  the  role  life 
of  the  M151  generation,  i.e.,  the  time  during  which  the  combined  performance 
and  cost  characteristics  of  M151-generation  vehicles  are  the  best  available  to 
fill  the  ‘/^-ton-truck  role.  (The  generation  role  life  of  the  M151  is  assumed  to 
terminate  when  a  model  of  l/.,-ton  truck  of  characteristics  sufficiently  better 
than  those  of  the  M151  to  justify  its  introduction  becomes  available.) 

The  influences  on  least-cost  M151  lifetime  of  the  acquisition  cost  I  and 
age-dependent  maintenance  costs  M(a)  of  replacement  vehicles  and  of  the  M151- 
generation  role  life  are  analyzed  for  a  range  of  i ,  a  range  of  generation  role 
life,  and  two  different  replacement-vehicle  maintenance  costs.  Acquisition 
costs  of  replacement  vehicles  considered  range  from  $200  up.  The  two  mainte¬ 
nance  costs  for  replacement  vehicles  are  one  identical  to  that  of  issued-new 
M151’s  and  one  higher,  the  latter  to  show  the  effect  of  higher  maintenance  costs 
that  have  been  observed3’4'21  for  overhauled  vehicles. 

The  analysis,  described  in  technical  detail  in  the  concluding  section  of  this 
appendix,  consists  of  comparing  the  cost  of  filling  the  role  with  only  the  original 
fleet  of  new  M151’s  (never  overhauling  them)  with  the  cost  of  filling  the  role  by 
replacing  the  original  M151’s  with  other  vehicles,  called  the  “replacement  vehi¬ 
cles,”  at  some  original  Ml  51  age.  (The  replacement  vehicles  could  be  new 
M151’s,  overhauled  M151’s,  or  any  other  vehicles  deemed  feasible  operational 
substitute.-  'or  deteriorated  M151’s.)  In  two  cases  the  analysis  was  restricted 
to  comparing  generation-role-life  costs  when  no  replacements  were  made  with 
the  situation  in  which  one  replacement  was  made.  A  third  case  considered  the 
situation  in  which  more  than  one  replacement  was  made. 

Generation  Role -Life  Cost  with  No  Replacements 

The  cost  per  vehicle-mile  of  filling  the  generation  role  life  with  one  set 
of  issued-new  M151’s,  without  overhaul,  is  shown  in  Fig.  49  for  a  range  of  gen¬ 
eration  role  lives.  In  the  current  discussion  the  abscissa  label  “Retention 
Period”  in  Fig.  49  must  be  interpreted  as  “generation  role  life,”  in  accordance 
with  the  assumption  of  no  replacements  during  fhe  generation  role  life.  The 
curve  in  Fig.  49  is  regarded  as  a  basic  chai acteristic  of  the  M151.  The  re¬ 
maining  discussion  is  basically  a  determination  of  limiting  cost  characteristics 
of  valid  replacement  vehicles  for  a  range  of  generation  role  lives,  given  the 
goal  of  filling  the  generation  role  life  at  minimum  cost  per  mlie,  and  given  that 
at  the  beginning  of  the  generation  role  life  the  fleet  consists  of  new  M151’s  with 
costs  characterized  by  Fig.  49. 
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Three  Cases  of  Vehicle  Replacement 

Case  1:  One  Fleet  Replacement  during  Generation  Role  Life;  Replacement- 
Vehicle  Maintenance  Costs  Same  as  Those  of  Issued-New  M151’s.  Figure  C2 
compares  the  cost  of  the  generation  role  life  when  no  replacement  is  made  with 
that  when  one  replacement  is  made,  when  the  age-dependent  maintenance  costs 
of  the  replacement  vehicle  are  identical  to  those  of  the  original  issued-new 
M151’s.  The  figure  shows  the  maximum  acquisition  cost  a  replacement  vehicle 
may  have  for  a  given  generation  role  life  if  the  generation-role- life  cost  when 


ROLE  LIFE,  MILES 

Fig.  C2— Maximum  Acquisition  Cost  of  Replace¬ 
ment  Vehicles  far  Which  Replacement  of 
Issued-New  M151’s  by  Vehicles  Horing 
the  Same  Maintenance  Casts  as  the 
Degraded  Estimate  Is  Justified  on 
a  Cast  Basis  Alone 

Optimum  replacement  age  is  ane-holf  rale  life. 


one  replacement  of  the  fleet  is  made  is  not  to  exceed  the  generation-role-life 
cost  when  no  replacement  is  made.  For  example,  the  figure  shows  that  if  the 
generation  role  life  is  50,000  miles,  no  replacement  should  be  made  if  the  re¬ 
placement  vehicle  has  an  acquisition  cost  greater  than  #800;  if  a  replacement 
is  made  during  the  generation  role  life,  the  generation-role-life  cost  will  be 
smaller  than  if  no  replacement  is  made  only  if  the  acquisition  cost  of  the  re¬ 
placement  vehicle  is  less  than  $800.  If  the  replacement-vehicle  acquisition 
cost  is  just  $800.  a  substitution  of  these  vehicles  for  the  original  fleet  at  25,000 
miles  will  result  in  the  same  generation-role-life  cost  as  if  the  original 
vehicles  were  operated  throughout  the  50,000  miles. 

Notice  that  a  further  element  has  slipped  in— when  the  replacement  should 
be  made.  Tiie  results  in  Fig.  C2  apply  when  the  replacement  age  is  one-half 
the  generation  role  life.  This  is  the  optimum  replacement  age  in  the  sense  that, 
if  the  generation  role  life  is  to  be  filled  by  replacing  the  original  M151  fleet  at 
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some  point  but  then  making  no  further  replacements,  the  cost  is  minimized  if 
the  replacement  is  made  at  one-half  the  generation  role  life.  The  fact  that  in 
Fig.  C2  the  optimum  replacement  age  is  one-half  the  generation  role  life  is 
determined  by  the  condition  that  the  maintenance  costs  of  the  replacement  vehi¬ 
cles  are  the  same  as  those  of  the  original  vehicles.  If  they  were  not  equal,  the 
optimum  age  would  be  different  from  one-half  the  generation  role  life.  In  case 
II  such  a  situation  is  treated. 

Thus, if  a  replacement  is  to  be  made,  the  optimum  time  to  make  it  in  this 
case  is  at  one-half  the  generation  role  life.  It  may  happen,  however,  that  even 
when  the  replacement  is  made  at  the  optimum  age.  the  generation-role-life  cost 
is  higher  than  when  no  replacement  is  made.  Indeed,  it  is  just  this  that  Fig.  C2 
is  intended  to  show.  If  the  replacement  vehicle  costs  more  than  $800.  then  re¬ 
placement  even  at  the  optimum  age  of  15,000  miles  for  a  50.000-mile  generation 
role  life  costs  more  than  making  no  replacement  at  all.  If  the  replacement  ve¬ 
hicle  costs  less  tnan  $800,  then  introducing  such  vehicles  in  place  of  the  original 
vehicles  at  25,000  miles  will  reduce  the  cost  per  50,000  vehicle-miles  of  a 
50,000-mile  generation  role  life  by  the  difference  between  $800  and  the  actual 
acquisition  cost  of  the  replacement  vehicle.  For  example,  a  replacement  vehi¬ 
cle  costing  1600  could  be  used  to  reduce  the  cost  of  a  50.000-mile  generation 
role  life  by  $200  per  fleet  member  by  replacing  the  original  vehicles  with  the 
$600  replacement  vehicles  at  25.000  miles. 

An  interesting  aspect  of  Fig.  C2  is  that  no  matter  how  long  the  role  life, 
no  replacement  vehicle  costing  more  than  $1960  is  economically  justifiable. 

Thus  replacement  with  a  new  M151  at  a  cost  of  $2900  is  not  justifiable  on  eco¬ 
nomic  grounds  alone. 

The  results  of  the  case  I  analysis  (shown  u\  Fig.  C2)  in  conjunction  with 
past  experience21’35’27  are  sufficient  grounds  on  which  to  build  a  case  against 
M151  overhaul.  ORO-T-381 ,31  concerning  the  overhaul  of  M38-series  ‘/(-ton 
trucks,  found  the  average  cost  of  overhaul  in  FY58  to  be  about  $1850.  The 
overhauled  vehicles  were  found  to  have  higher  maintenance  costs  than  new  ve¬ 
hicles.  In  ORO-SP-13325  it  was  further  found  that  overhauled  M38-series  ‘4-ton 
trucks  experienced  more  frequent  failures  of  major  assemblies  than  new  vehicles. 

The  results  of  c  ase  I  in  Fig.  C2  show  that  the  maximum  allowable  cost  for 
a  replacement  vehicle,  if  the  generation  role  life  is  of  the  order  of  15  years— 
105,000  miles  at  current  rates  of  use— and  if  the  maintenance  costs  of  the  re¬ 
placement  vehicle  are  as  low  as  for  a  new  vehicle,  is  about  $1500.  Of  course 
if  the  maintenance  costs  of  the  replacement  vehicle  were  higher  than  for  a  new 
vehicle,  an  acquisition  cost  less  than  $1500  would  be  the  maximum  permissible. 
Thus,  if  the  generation  role  life  is  15  years,  M151’s  should  not  be  overhauled 
unless  a  significant  reduction  in  the  cost  of  overhaul  from  that  experienced  by 
M38-series  vehicles  several  years  ago  with  no  further  loss  in  quality  of  product 
can  be  achieved. 

Case  II:  One  Fleet  Replacement  during  the  Generation  Role  Life-,  Replace¬ 
ment-Vehicle  Maintenance  Costs  Higher  than  Those  of  Issued-New  M151’s.  The 
situation  considered  here  differs  from  that  of  case  I  in  that  the  age-dependent 
maintenance  costs  of  the  replacement  vehicle  are  assumed  to  be  higher  than 
those  of  the  original  M151,  as  has  been  observed  previously  for  overhauled 
vehicles.3'4’21  A  hypothetical  maintenance  cost  for  replacement  vehicles  was 
used.  It  compares  with  the  projected  maintenance  costs  for  issued-new  M151’s 


RAC-T-479 


FOR  OFFICIAL  USE 


ONLY 


136 


FOR  OFFICIAL  USE  ONLY 


Fig.  C3— Hypothetical  Maintenance  Casts  af  Overhauled  MlSl's  Compared  with 
Projected  Degraded  Maintenance  Costs  of  MlSl's  Issued  New 


Moximum  allowable  (S 1 200) 


Fig.  C4 — Maximum  Acquisition  Cast  af  Replacement 
Vehicles  far  Which  Replacement  af  Issued-New 
M151’s  by  Vehicles  Having  Higher 
Maintenance  Casts  Is  Justified 
an  a  Cast  Basis  Alone 

Optimum  replacement  age  is  0.63  role  life. 
Maintenance  casts:  one-third  higher  initiolly,  growth: 
1.7  times  the  rate;  equilibrium:  same  os 
degraded  estimate  for  M 1 5 1  ’ s. 


as  shown  in  Fig.  C3,  i.e..  it  had  an  initial  value  one-third  higher,  a  growth  rate 
1.7  times  as  great,  and  the  same  equilibrium  value. 

The  results  of  the  analysis  of  this  situation  are  shown  in  Fig.  C4,  which  is 
of  the  same  form  as  Fig.  C2.  Here  the  maximum  allowable  initial  cost  of  a  re¬ 
placement  vehicle  is  $1200.  Eight  hundred  dollars  is  now  the  maximum  allow¬ 
able  cost  of  a  replacement  vehicle  if  the  generation  role  life  is  70,000  miles 
(about  10  years).  For  a  50,000-mile  generation  role  life  the  maximum  allow¬ 
able  replacement-vehicle  cost  is  $600,  compared  with  $800  when  the  mainte¬ 
nance  costs  of  the  replacement  vehicle  are  the  same  as  for  a  new  M151. 
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The  optimum  replacement  time  is  now  0.63  of  the  generation  role  life 
rather  than  0.50.  The  worse  replacement-vehicle  maintenance  costs  make  it 
desirable  to  keep  the  original  vehicles  with  lower  maintenance  costs  longer 
than  in  case  1. 


Maximum  allowable  (S 1960) 


ROLE  LIFE,  MILES 

Fig.  Cl'~R«plccement  Policies  Giving  Minimum- 
Cost  Role  Lives  for  Vorious  Replacement. 
Vehicle  Costs 

The  maintenance  costs  of  oil  replocement  vehicles 
ore  the  same  as  the  degroded  estimate  for  M151's; 
the  first  vehicle  is  a  new  M151  costing  $2900. 


The  optimum  replacement  oges  are 


Optimum  replacement 

age  as  frocl i on  of 

Replocement  s 
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If  the  assumed  maintenance  costs  for  replacement  vehicles  are  more 
representative  of  what  would  be  experienced  by  overhauled  M151’s  than  are  the 
maintenance  costs  for  issued-new  M151’s,  then  the  maximum  allowable  over¬ 
haul  cost  for  a  15-year  (lf‘5. 000-mile)  generation  role  life  is  more  like  $1000 
(shown  on  Fig.  C 4)  than  the  $1500  found  earlier  (see  Fig.  C2).  The  economic 
argument  against  M151  overhaul  is  thus  strengthened  because  actual  mainte¬ 
nance  costs  of  overhauled  vehicles  are  indeed  likely  to  be  significantly  higher 
than  those  of  issued-new  vehicles. 

Case  111:  Multiple  Fleet  Replacements  during  the  Generation  Role  Life : 
Case  1  Maintenance  Costs.  Cases  I  and  11  considered  making  only  one  fleet  re¬ 
placement  during  the  generation  role  life.  Case  III  considered  the  situation  in 
which  more  than  one  fleet  replacement  is  permitted  during  the  generation  role 
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life.  The  maintenance  costs  of  all  replacement  vehicles  are  assumed  to  be  the 
same  as  for  issued-new  M151’s.  All  replacement  vehicles  are  assumed  to  have 
the  same  acquisition  costs. 

The  results  are  shown  in  Fig.  C5.  When  the  maintenance  costs  of  replace¬ 
ment  vehicles  are  the  same  as  those  of  issued-new  M151’s,  Fig.  C5  shows  maxi¬ 
mum  allowable  replacement-vehicle  acquisition  costs  for  which  not  only  one 
replacement  is  justified  (as  in  Fig.  C 2)  but  also  for  which  two  replacements 
and  three  replacements  are  justified.  For  example,  if  the  role  life  is  50.000 
miles.  Fig.  C5  shows  that  if  the  replacement  vehicle  cost  more  than  *800.  no 
replacement  should  be  made;  this  is  as  for  Fig.  C2.  And.  like  Fig.  C2,  Fig  C5 
shows  that  if  the  replacement  vehicle  costs  less  than  ‘800.  one  replacement  at 
25.000  miles  results  in  a  lower  generation-role-life  cost  than  no  replacements. 
But  unlike  Fig.  C2,  Fig.  C5  further  shows  that  if  the  replacement  vehicle  costs 
less  than  *400.  two  replacements— at  16.700  miles  and  at  33.400  miles— result 
in  a  still  lower  cost  than  one  replacement  at  25,000  miles.  Fig.  C5  also  shows 
that  if  the  replacement  vehicle  costs  less  than  *200.  three  replacements— at 
12.500  miles.  25.000  miles,  and  37.500  miles— will  result  in  an  even  lower  geo- 
eration-role-life  cost  than  two  replacements. 


TABLE  Cl 

Effect  of  Replocement-Vehicle0  Cost  on  Leost-Cost 
Lifetime  of  Issued-New  Ml 51  's 


Cost  of  replacement 
vehicle,  dollars 

Least-cost 
lifetime  of 
issued-new  MISI's 

Generation  Role  Life: 

70,000  Miles 

1100 

70,000 

700  -1100 

33.000 

100  -  700 

23.300 

250b-  400 

17.300 

Generation  Role  Life: 

105,000  Miles 

1300 

10.3.000 

1000  -’30(1 

32.500 

630  -1000 

33.000 

450b-  630 

26.230 

a\iuinli*num  r  :osl»  ihc  sanu1  as  issucd-ncw  \1131’s. 

Plough  estimate:  latiio  nine  In1  extended  downward  indefinitely. 


The  replacement  ages  implied  by  Fig.  C5  may  be  interpreted  as  least-cost 
lifetimes  determined  by  the  initial  cost  of  replacement  vehicles  and  the  genera¬ 
tion  role  life,  given  that  the  fleet  originally  consists  of  new  M151’s  with  an 
initial  eost  of  *2900,  the  age-dependent  maintenance  costs  are  as  shown  in  Fig. 
50,  and  the  replacement  vehicles  have  maintenance  costs  the  same  as  the  origi¬ 
nal  M151’s.  Thus,  if  the  ge  leration  role  life  is  taken  to  be  10  years  (70,000 
miles),  the  effect  of  the  initial  cost  of  replacement  vehicles  may  be  shown  as 
in  Table  Cl.  The  second  half  of  Table  Cl  shows  the  corresponding  result  if  the 
generation  role  life  is  taken  to  be  15  years  (105,000  miles). 
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Conclusions 

1.  Least-cost  lifeume  of  the  Ml 51  depends  on  the  role  life  its  generation 
is  to  fill  and  the  costs  of  acquisition  and  maintenance  ef  potential  replacement 
vehicles  as  follows: 

a.  M151  life  increases  as  role  life  increases. 

b.  Ml 51  life  decreases  as  replacement-vehicle  price  decreases. 

2.  If  replacement- vehicle  maintenance  costs  are  no  less  than  those  of  the 
M151,  they  are  eligible  replacement  vehicles  only  if  they  cost  less  than  $1960. 
Thus  a  new  Ml 51  (at  a  cost  of  $2900)  may  never  be  used  to  reDlace  an  Ml 51  in 
hand  if  a  minimum  cost  per  roie  mile  is  to  be  achieved.  In  this  circumstance. 
Ml 51  life  is  equal  to  the  role  life. 

3.  If  maintenance  costs  of  a  potential  replacement  vehicle  are  no  less  than 
one-third  higher  at  issue  than  those  of  a  new  Ml 51,  grow  in  Ml 51  age  at  no  less 
than  1.7  times  the  degraded  rate  for  issued-new  M151’s,  and  have  the  same 
equilibrium  as  the  degraded  estimate  for  issued-new  Ml51’s,  replacement  of 
issued-new  M151’s  by  such  vehicles  is  economically  justifiable  only  if  the  vehi¬ 
cle  costs  $1200  or  less. 

4.  The  number  of  replacements  giving  least-cost  role  life  is  greater  the 
lower  the  cost  of  the  replacement  vehicle. 


* 


« 
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LEAST -COST  LIFETIME  TECHNIQUE 

This  section  describes  the  development  of  the  least-cost  results  of  the 
previous  section  summarized  iu  Figs.  C2,  C4,  and  C5. 

For  Figs.  C2  and  C4  the  situation  considered  is  the  following.  One  has  a  , 

vehicle  which  costs  I,  to  acquire  and  C„,  (C^j  Co^e  t'l1  to  maintain  at  aget  . 

Another  vehicle  is  available  that  costs  I2  to  acquire  and  Cm2-  (C^-  C02)c  ^2*  to 
maintain  at  age  t .  One  wishes  to  furnish  a  total  vehicle  mission  of  size  n  age 
intervals.  Possessing  vehicle  1,  he  is  regarded  as  having  two  ways  to  furnish  f 

the  n  intervals  of  vehicle  life:  he  may  operate  vehicle  1  through  them  all  or  he 
may  replace  vehicle  1  with  vehicle  2  at  some  point.  What  conditions  justify  re¬ 
placement,  and  what  is  the  optimum  age? 

The  problem  posed  was  treated  by  fixing  the  initial  cost  of  the  first  vehicle, 
the  maintenance  costs  of  both  vehicles,  and  optimum  replacement  times  ex¬ 
pressed  in  terms  of  n,  and  then  determining  allowable  I2  for  a  range  of  n. 

In  particular,  the  cost  of  providing  n  intervals  of  operation  solely  with  ve¬ 
hicle  1  was  expressed  by 


The  cost  of  providing  n  intervals  of  operation  when  k  are  provided  by  vehicle  1 
and  (n  ~fe)  by  vehicle  2  was  taken  as 
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The  problem  was  to  determine  fe 


r  such  that  the  difference 


1XH 


u 


It! 


1  2.n 


(3) 


was  maximized  within  the  constraint  D(r)  0.  Partial  differentiation  of  Eq  3 
with  respect  to  fe,  setting  equal  to  zero,  and  solving  for  k  yields  for  r 


r  k 


)'.>n  •  i"gt. 


02. 


>4  * 


(4) 


when  C^i  C^.,  .  the  condit>">n  assumed  here.  The  parameter  values  used  are 
shown  in  Table  C2. 


TABLE  C2 


Values  of  Cost  Parameters  Used  in  Analysis 
of  Least-Cost  Lifetimes 


Parameter 

Dimensions 

Value 

Case  1 

Case  II 

i. 

t 

i?oo.00 

2900.00 

(:~i 

$  5000  m i 

477.10 

477.10 

C01 

S  T, 000  mi 

7.",.  00 

75.00 

y\ 

'5000  mi 

0.205 

0.205 

(~2 

S  5000  mi 

477.10 

477.10 

t  02 

S  5000  r.ii 

75.00 

100.00  <  1 .33C'0|) 

>'2 

5000  mi 

0.205 

0.349  (1 ,7y, ) 

Using  these  values  in  Eq  4  yielded  for  case  I  a  value  r  0.500n  and  for 
case  II  r  -  0.630n. 

Combining  Eqs  4,  3,  and  the  constraint  of  Eq  3  yielded  expressions  in 
which  only  l2  and  n  were  unknown.  These  expressions  were  of  the  form 

f(«)  2  <,(!,)  (5) 

Figures  C2  and  C4  are  graphs  of  pairs  (n,I2),  whic  satisfy  the  equality  of  Eq  5. 

Case  III,  in  which  more  than  one  replacement  was  allowed,  was  analyzed 
by  an  analogous  scheme.  In  that  instance  all  the  replacement  vehicles  were 
ctssumf  d  to  have  *he  same  initial  costs  and  maintenance  costs  as  issued-new 
M151’s.  An  interesting  result  of  that  case  is  that  if  m  replacements  are  desir¬ 
able,  the  optimum  replacement  points  are  at  in/m.i  1,2,  ....  m  l. 
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